


a %s 


a De Wwe’, 











LWAD 300 | LWAD 450 





A.C.| 34—315 59—450 
CURRENT RANGE 
D.c.| 27—250 47—360 

THE ONLY OIL-COOLED 





MAX. 
Ac/DC WELDING EQUIPMENTS py ably en ya + 
CURRENT 


AVAILABLE IN GREAT BRITAIN 
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The turn of a switch gives a choice of A.C. or D.C. welding 
current. 





This advanced design of portable single-operator welding Send for full details to: 

equipment employs extremely efficient silicon diode rectifiers, The ENGLISH ELECTRIC Company Limited, 
Welding Equipment Department, 

East Lancashire Road, Liverpool, 10. 
immersed for maximum cooling. The simple and robust Telephone: AINTREE 3641. 


protected against transient voltage spikes and completely oil- 


construction ensures long, economical trouble-free service 
with virtually no maintenance. 

Provision is made in all sets 

for inbuilt power 


2, . 
factor correction. a welding 
| A.C/D.C equipment 


THe ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD PRESTON . RUGBY : BRADFORD LIVERPOOL ACCRINGTON 
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Illustrating Wire Cross-section 
The Comet at 600 amps. provides the highest productivity of any COo semi-automatic 
on the market, a low hydrogen deposit and no porosity, even on heavily rusted plate. 
The very high currents are made possible by the special flux-intercalated-wire which 

provides an even distribution of flux over the cross-section of the wire, which in turn | 
gives droplet protection during transfer across the arc. The Comet Mark Il can 

utilise existing AC/DC power packs. 


Full '-chnical data on request from 


ROC “WELD LTD., COMMERCE WAY, CROYDON, SURREY. TEL: CROYDON 7161 (5 lines) 








Mallory electrodes 
keep their shape 





. 


WELD AFTER WELD AFTER WELD AFTER WELD AFTER WELD 


Efficiency in seam welding depends much on 
the performance of the electrodes — particularly 
upon their ability to retain good tread contour for long 
periods without need for costly and time-wasting redressing. 
Mallory electrodes hold their tread shape excellently. All 
Mallory materials have the characteristic feature of perfect 
balance of conductivity and hardness and give the best per- 
formance for the longest time. 
There is a Mallory electrode for every resistance welding 
process and a Mallory holder or fitting for every type 
of assembly. 
Book 1200 “Mallory Resistance Welding” is free on request. 
Specialised Products of 


Johnson <% 
ay Matthey 


JOHNSON, MATTHEY & CO., LIMITED controlling MALLORY METALLURGICAL PRODUCTS | TD. 
73-83 HATTON GARDEN, LONDON, E.C.! Telephone: Holborn 6989 
Vittoria Street, Birmingham, | Telephone: Central 8004 


75-79, Eyre Street, Sheffield, ! Telephone: 2212 
W.02/226 
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INVIGTA 


ELECTRODES 


Strength Flexibility and versatility are 
important features of this International 
Drott Skid-Shovel, mounted on BTD-6 
Crawler Tractor. Invicta Electrodes are ex- 
tensively used in the fabrication of this unit, 
and they too offer you strength, flexibility 
and versatility, together with reliable weld 
deposits. The INVICTA-range covers every 


arc welding application. 








USED BY SOME OF THE 
LARGEST SHIPBUILDING 
AND ENGINEERING 
WORKS THROUGHOUT 
THE WORLD 


Full details of the INVICTA 
range will gladly be sent on 
request 


| Photograph by kind per- 

mission of International 

_ Harvester Co. of Great 
* Britain Ltd. 


INVICTA ELECTRODES LTD 


- BILSTON LANE, WILLENHALL, STAFFS. TELEPHONE: JAMES BRIDGE 3131. EXT. 308 
© ber of the Owen Org 
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new cylinder 


—specially designed for arc welding 

A Carbon Dioxide cylinder of new construction is now avail- 
able. When full with 50 lbs. of liquid CO, it will weigh little 
more than the present full 28 lb. cylinder—much easier for 
handling and storage. 

The cylinder, fitted with a plastic syphon tube and used in 
conjunction with the heater, ensures constant moisture 
content throughout withdrawal. (In a conventional cylinder 
considerable variation in moisture content is inevitable.) 
The new 50 lb. cylinder will be specially painted, labelled 
and handled to avoid confusion with other types. 


SUPPLY: Bulk Liquid and Cylinders 
STORAGE: Installation and Maintenance 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION 
Carbon Dioxide Department - Devonshire House 
Piccadilly -London W1 - MAYfair 8867 


Sales Offices: 

Southern Area: Broadway House, The Broadway, Wimbledon SW19. 
Liberty 4661 

Northern Area: Queens House, Queen Street, Manchester 2. 
Deansgate 8877 
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Tens of thousands 

of times a day 

a GKN WELDNUT 

makes life easier 

for sheet metal assemblers, 
simpler for designers, 

and cheaper for manufacturers 
of —for example — 

cars and cookers 

and combine harvesters. 


Difficult positions 

are easy for it; 

it is self-locating 

for rapid fixing 

by projection welding 

— and it cannot work loose. 
The weld is consistently 
stronger 

than the parent metal; 
the thread unimpaired 
by the welding; 

the opposite side 

of the sheet 

perfectly flat. 


GKN Patent Weldnuts 
are precision-made 
under the 

strictest 

Quality Control 








GCM Weldnuts =: 


Guest Keen & Nettlefolds (Midlands) Ltd., Bolt & Nut Division, Atlas Works, Darlaston, S. Staffs. 
Telephone: James Bridge 3100 (10 lines) Telex 33-228. 
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*TSA’ Two Stage Acetylene with 
Hexagon Nut Cylinder Fitting 


Milne Regulators are highly accurate and are of robust 
construction to stand up to the wear and tear of the welding 
shop. Illustrated here are five of the wide range of patterns 
available — designed to suit every purpose where Oxygen, 
Air, Acetylene, Propane, Coal Gas and Hydrogen are 
employed. 


In addition to regulators Milne manufacture Brazing, 
Welding and Cutting Blowpipes, Cutting and Profiling 
Machines, Gas Economisers, Valves for Pipe Lines and 
other necessary welding accessories. 


To provide a comprehensive welding service to meet all the 
varied requirements of the Engineering and Allied Industries 
we can also offer Electric Arc and Resistance Welding Plant 
and Equipment. 


For full information and details write to:— 


Cc. S. MILNE & CO. LTD 


Manufacturers of Gas Welding and Cutting 
Plant and Equipment. Stockists and Suppliers 
of Electric Arc Resistance Welding Equipment 


Harley Works, Octavius Street, Deptford, London, S.E.8 
Telephone: Tideway 3852 (4 lines) 


Also at 172/174 West Regent Street, Glasgow, C.2 


‘RA 10C’ Sing: 
Stage Acetyle: >» 


‘RA 60’ Dual 
Acetylene or Propane 


‘RA 80’ Triple 
Acetylene or Propane 


‘RA’ Acetylene Pipeline 


(Hexagon or wing type Cylinier I Toim 


Nuts can be fitted to any 
Regulator as required) 
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Associated Electrical Industries 
manufacture the widest range of 
ignitrons in the United Kingdom — 
moreover all AEI ignitrons are inter- 
changeable with the corresponding 
\merican types. Whatever the job, 
rom the AEI lists you can select the 
ight valve. 


Write for Leaflet 5851-8 











ane 









isit Stand No. K.14 at the 
..S.E.E. Exhibition, Earl’s Court, March 21-25 
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IGNITRONS 








AEl 





ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 








. Maximum average* 
Maximum Demand* Temperature 

Types (kVA) oe ‘w control 
BK 22 450 15 — 
BK 24 1200 140 — 
BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 ~- 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 — 

BK 42A 600 56 Integral 
BK 42B 600 56 Clamp on 
BK 66 300 22°+4 — 



















* Ratings are for welder control service, with two valves in inverse 
parallel at any voltage from 250-600v. r.m.s. 


Rectifier types 








: Maximum average current 
Maximum peak voltage ; 
Type (Kilo volts) at peak voltage 
(Amps.) 
BK 44 2:1 75 
BK 46 2:1 150 
BK 56 + 20:1 150 











¢ Tentative ratings. 





ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 
}LECTRONIC APPARATUS DIVISION 








A.5447 





SPRAY- 
MODERNISED aoe 


powder being 


HARDFEFACING... sprayed on 


components p or 
to fusion by tv 
The introduction of ‘Stellite” powder in —- 
1957 made possible the depositing of 
cobalt base alloys by the spray-fusing and 
H powder welding techniques. These pro- 
cesses are an economical and extremely 
fast means of protecting components 
Visit our ¥ — . 
stand No.3, Subjected to conditions of heat, abrasion Ge. 
ae and corrosion with the “‘Stellite’’ cobalt- ace ae 6 POWDER 
mpire ‘eae ; 
Hall, chromium-tungsten range of alloys. A ere a 
; : “Stellite 
ran smooth surface finish and sound metal- , a PB powder being 
lurgical bond is produced and the aay ©=— sprayed and 
; ’ - ; =a = simultaneous!) 
processes are ideal for hardfacing a wide © F fused by a 


variety of wearing parts with “Stellite’ 9 ~se — a 





DELORO Send for publications B.39 and B.40 
STELLITE 
The names “‘Deloro”’ and “‘ Stellite’* are registered trade marks 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO ~ CANADA 


AD NO318 








FULLY 
PORTABLE 


A 


DUST- 
FREE 


The VACU-BLAST Midget is 
designed especially for surface 

; preparation of small areas 

ONE-MAN eet | , > where dust and dirt cannot be 

OPERATION f a —— 

, baie The VACU-BLAST gun is unique 

and is easily handled under the 
most awkward conditions. 


ONLY COMPRESSED 
AIR REQUIRED 


VACU-BLAST LTD we ttcrort road SLOUGH BUCKS fecrmone. ac 





SPRAYING 
ASK BERK 


for the finest Anti-corrosion Service 





Metal and plastic spraying equipment of @ Technical service backed by a fully equipped 
outstanding design. laboratory. 


Hard facing and powder welding equipment. e@ Jobbing works and on site organisation. 


e Grit-blasting - Zinc, Aluminium, Berkalloy 
Complete shot-blast and metal spraying Spraying—Nylon & Polythene coatings—Epoxy, 
plants supplied. Vinyl and other protective paint treatments. 


F. W. BERK & CO. LTD (oatine pivision) 


BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.10 
Works at LONDON, MANCHESTER, GLASGOW 














The world’s foremost 


metal spraying specialists 


abet oce yay I i sale Ss 
a YY aT “ain AMS SS SN 
e Ce om aiat AN < BN 


The Forth Road Bridge. 

Consulting Engineers: Messrs. Mott, Hay & Anderson and 
Messrs. Freeman Fox & Partners. 

Contractors for the Superstructure: The A.C.D. Bridge Co. Ltd. 


The new Forth Road Bridge is being protected 
by the metal spraying process and 
Metallisation has designed the special 
equipment for this major project. 





METALLISATION LTD., BARCLAYS BANK CHAMBERS, DUDLEY, WORCS. Je/ephone: 53321-2 
London: 171 Palace Chambers, Bridge Street, London S.W.1. Telephone: Whitehal/l/l 2868 

Sectland: Metallisation (Scotland) Ltd., Ballochmill Road, Rutherglen. Telephone: Rutherglen 1956 
N.1. Coast: Portrack Grange Road, Stockton-on-Tees. Telephone: 64585 

— M-w.t6l 














GOLD STAR 300 SERIES 


Here is an entirely new concept in a combination 
AC/DC welder for tungsten inert gas or metallic 
arc use. Gold Star 300 Series welders are electric- 
ally controlled and feature completely sealed semi- 
metallic rectifiers. All models are power factor 
corrected and are available with built-in control 
panels 

With the Gold Star 300 series welders you have 
seven separate welders in one cabinet designed for 
(1) AC metallic arc, (2) AC inert gas, manual, (3) 
AC inert gas, automatic, (4) DC metallic arc, (5) 
DC inert gas, manual, (6) OC inert gas, automatic, 
(7) OC inert gas, spot welding. Four models, with 
welding ranges from 2 to 750 amperes. 


A proudly offer 
in Great Britain 
the full range of 


GOLD STAR SR 


These single operator rectifier type DC welders 
are designed for the most rugged industrial appli- 
cations. Available in four models, with 60% duty 
cycle ratings of 200, 300 and 600 amperes. 
Gold Star SR welders feature unusually wide cur- 
rent ranges with range switching and electrical 
current control. These welders represent the 
ultimate in performance and flexibility. MILLER 
Gold Star rectifier type DC arc welders feature: 
(1) A new transformer 

(2) A new weld stabilized circuit 

(3) A new completely sealed semi-metallic rectifier. 


SIGMA WELDERS WITH 
CONTROLLED SLOPE 


MILLER SIGMA rectifier type DC welders are 
designed to maintain stable welding conditions 
with both automatic and semi-automatic welding 
equipment regardiess of arc variations. MILLER 
SIGMA welders are ideal for shielded inert gas, 
metallic arc and submerged arc welding. A newly 
designed circuit now offers a control slope feature 
in the model SIGMA-3CS and SIGMA-S5SCS. An 
additional circuit also permits heretcfore un- 
available TIG or metallic arc welding on a SIGMA 
3CS model. 

X-ray quality welds are produced by the 
MILLER models SIGMA-3CS, SIGMA-5SCS and 
SIGMA-10 welders. 


miller 


WELDERS 


EQUIPMENT 


for prompt delivery 


Interlas Limited now proudly offer British industry the 
full range of world-famous Miller Welders. 

There are models for AC, DC, and AC/DC welding. 
Models for metallic arc, argon arc, CO*, and submerged 
arc welding. Mains operated models for indoor and out- 
door use, petrol driven models and diesel-engined 
models. 

For British engineering, shipbuilding and aircraft firms 
here is a new high standard of design and workmanship 


to ensure years of trouble-free service, coupled with 
quantity production to reduce initial outlay to a new 
low level. 


GOLD STAR SRH ALL-WEATHER 
DC WELDERS 


A new concept in welder design for all DC 
metallic arc welding jobs. This new MILLER 
welder is designed for the most rugged industrial 
welding applications - indoors or outdoors. Its 
low sleek lines, plus its extremely rigid construc- 
tion, make this welder ideal for stacking for 
parallel operation or to conserve floor space 

Available in three models with 60% duty cycle 
atings of 200, 300 and 400 amperes 


ITS THE FINEST 


INTERLAS LTD.. 


REPRESENTATIVES IN EIRE: 


AMPTHILL* BEDFORD: Tel: Ampthill 334@ 


WELDING SERVICES LTD., 14-16 AMIENS STREET, DUBLIN. Tel. Dublin 470 
BW 
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HEAVY STEEL PLATE 
MANIPULATION 


COLD—AND IN A VERTICAL POSITION 


HUGH SMITH 


Direct-acting 

Plate Bending Presses 
offer distinct advantages ‘in cost, 
convenience in operation, speed 
and efficiency 


BENDS PLATES UP TO 3” THICK 


This machine is of relatively low capital cost but has 
a performance much superior to conventional types 
of plate bending rolls, and is also dual purpose in that 
it will both bend and flange even the heaviest plates 
used in boilermaking and general fabrication. The 
powerful direct-acting rams can be brought to bear 
close to the plate edge, which eliminates pre-setting. 


We will be pleased to provide technical informe tion 
and performance figures. 


HUGH SMITH (GLASGOW) LTD. 
Hamiltonhill Road - Possilpark - Glasgow, \.2. 
POSSIL 8201 **POSSIL, GLASGC W” 
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PROGRESSIVE RAILWAYS 


now use 


LONG wsioEe RAIL 


A.l. APHF/60R AUTOMATIC 
FLASH BUTT RAIL WELDER 


am 


OUR LATEST AND LARGEST FLASH BUTT RAIL WELDER 


for AMERICAN « CANADIAN RAILWAYS 


CAPACIT Y— 

RAIL UP TO 155 LBS/YD 
WELD TIME— 

60 SECONDS 


20 YEARS’ EXPERIENCE IN AUTOMATIC RAIL WELDING | 
INSTALLATIONS THROUGHOUT THE WORLD 


A.Il. ELECTRIC WELDING MACHINES LTD. 


GROVE HOUSE, SUTTON NEW ROAD, BIRMINGHAM, 23 
Telephone: Erdington 1176 Telegrams: AIWELDS, B’ham. Works: INVERNESS, SCOTLAND 
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only FIRTH-VICKERS make 


‘Staybrite’ F.M.B. steel has been the choice 
during more than 30 years for the jobs too 
difficult for the ordinary 18/8 stainless steels, 
such as marine conditions, certain dyeing 
solutions, and the production of phosphoric 
acid and its derivatives. It is much used in the 
production of synthetic fibres and plastics. 


Technical information on the use of all Firth- 
Vickers steels, together with technical litera- 
ture are always available on request. 











FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD) 


- the only Company in Europe to devote its activities exclusively to 
the production and development of stainless and heat-resisting steels. 
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iron — Oxygen Combustion in Gas Cutting 


By A. A. Wells, B.SC.(ENG.), PH.D., A.M.I.MECH.E. 


Following an earlier experimental study of combustion produced by transverse 
flat oxygen jets at the ends of round bars, the present report covers an extension 
of the work, quantitatively, to plate cutting. The plates used for the tests ranged 
from t in. to 6 in. thick, and a number of cut widths were investigated. 

It is shown that the primary function of the preheating flame in oxygen cutting 
is to maintain an ignition temperature at the top face of the cut, and it is 
established, inter alia, that greatest oxygen economy is obtained, on cutting 
thick material, when cut width x cutting speed (sq.cm/sec) is equal to or less 
than 4-5 times the thermal diffusivity of the cut material. 


cutting operation have been discussed in an 

earlier report.' In particular, it was shown that 
the heat required to make a cut is primarily that 
associated with melting the kerf and maintaining by 
conduction the temperature gradient in surrounding 
material. By contrast, especially in thick material, 
radiative and convective losses are quite small. Thus 
the total heat necessary to make a given cut may be 
predicted with reasonable accuracy. 

In the same report the conditions governing iron 
and oxygen combustion rates were compared theoretic- 
ally and experimentally with those of a boundary layer 
diffusion model, previously applied to other com- 
bustion examples. Oxygen and iron impurity effects 
were taken into account thereby. On the other hand, 
the combustion system studied was one-dimensional, 
requiring no simultaneous preheat flame, but not 
giving boundary layer thicknesses comparable with 
those in plate cutting. Provided that the boundary 
layer thickness could be measured independently 
through the use of a heat transfer analogy the correct 
prediction of combustion rates was possible, but the 
1erodynamics of the apparently simple one-dimen- 
ional system proved to be complex. 


Sa of the physical processes governing the gas 


To make further progress it was therefore necessary 
to devise (i) an experimental system whereby iron— 
oxygen combustion rates could be measured accurately 
in plate cutting; and (ii) an aerodynamic model to 
permit calculation of boundary layer thicknesses in the 
same example. For the latter purpose a first compari- 
son would obviously be made with well documented 
results relating to friction and heat transfer in pipe 
flow. 


Exploratory Work 


It has already been noted that the total heat to make 
a parallel sided cut in plate may be computed with 
sufficient accuracy for use in a heat balance. Addition- 
ally, if necessary, this heat could be measured calori- 
metrically, although this might be difficult to do with 
precision. Thus, in an experimental study of superficial 
iron—oxygen combustion rates in plate cutting, it 
would be required either to measure the independent 
contribution from the preheating flame or to do 





Report A4/3/58 of the British Welding Research Association, 
circulated to members in July 1960. 

Dr. Wells is Assistant Director of Research (Engineering) of the 
Association. 611 
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with-out preheat altogether. Exploratory work was 
directed to both these ends. Thus, in reference,? care- 
ful determinations of oxygen cutting preheat flame 
heat transfer efficiency are described. It was found 
calorimetrically that such a flame traversing a plain 
plate so as to cause a heated spot transferred from 60 
to 75% of combustion heat to the plate. However, if 
the traverse speed were dropped, the former value 
decreased appreciably, owing to intensified surface 
heat losses from the hotter plate. Furthermore, these 
experiments were necessarily performed without a 
cutting oxygen jet or a cut slot. When simulating the 
latter conditions (bearing in mind that actual cutting 
conditions would not have permitted an efficiency 
measurement) it was concluded that significant 
efficiency changes would occur. Thus, despite extensive 
work, it was concluded that no accurate estimate of 
preheat flame efficiency would be possible. 

The next step was to try to do without the preheat 
flame in experimental oxygen cutting of furnace pre- 
heated plates.* Temperatures up to 650°C. were 
employed, but stable cutting conditions could not be 
achieved; in particular, there was a tendency for 
combustion to stop suddenly. Masking effects of scale 
on the top plate surface were suspected, but no im- 
provement could be obtained either by minimizing 
scale formation during preheating or by coating the 
top surface with borax flux to remove scale during 
cutting. It was noted, however, that stable cutting 
conditions could be maintained with very much 
smaller preheat flames than would be required with 
plates initially at room temperature; in fact all that 
was necessary was to bleed a small quantity of 
acetylene from the preheating jet—no flame could 
be seen. 

At this stage it was thought that the preheating 
flame might fulfil some catalytic function apart from 
maintaining an ignition temperature at the top of the 
cut. It was therefore decided to attempt cuts using a 
high-frequency induction heater to produce the top 
surface preheat. This was conveniently possible on 
mild steel bars | in. wide x ? in. thick in a 6kW heater, 
using as a concentrator an expendable 0-1 in. dia. 
straight mild steel welding wire laid along the top 
surface in the path of the intended cut. In this arrange- 
ment a cylindrical heating coil was used, coaxial with, 
and enveloping the bar. Stable cuts could be main- 
tained with the main bar at about 600°C., the con- 
centrator wire at above 1000°C. as estimated from 
colour, and a cutting orifice diameter normal for # in. 
thick material. On the other hand, there appeared to 
be no accurate means for assessing the major heat 
contribution at the bar from the h.f. source, and there 
was a further disadvantage, common to the preheated 
plate experiments, in that the fused metal tended to 
congeal at the bottom of the cut, making difficult a 
later estimate of kerf width. This arrangement was 
abandoned for these reasons. 


Discussion of Exploratory Results 


In the experiments previously described! and men- 
tioned in the foregoing, the following features appear: 


(a) A combustion face can be maintained across the flat dia- 
metral face of a round steel bar initially at room tempera- 


ture without a preheat flame, if the bar is slowly rotated 
continually to present fresh hot metal to the line of impact 
of the flattened oxygen jet 

(5) A parallel sided cut in plate may be maintained by means 
of a traversed oxygen jet if (i) the plate is uniformly pre- 
heated to 600°C. or more; and (ii) a small amount of 
acetylene is bled concentrically to the oxygen jet at its 
periphery at the top of the plate, or a region immediately 
adjacent to the jet is preheated to 1000°C. or more’ by 
electromagnetic induction. 


The assistance arising from having the steel plate 
(as distinct from the bar) at a reasonably high uniform 
preheat temperature may be understood when it is 
recognized from the heat conduction conditions that 
combustion rates (cal/sq.cm sec) for comparable 
ambient temperatures must be at least twice as great 
in the former case, there being conduction losses to 
neutralize in the plate which do not arise in the bai 
burning case. 

On the other hand, an ancillary means of maintain. 
ing an ignition or combustion temperature at the 
position of first impact of the oxygen jet appeared tc 
be absolutely necessary in all the instances examined, 
although it took three quite different forms. No 
precise temperature value could be given, but it was 
clearly greater than 650°C., and in two of the three 
examples was reached without the use of an additional 
fuel gas. It was concluded that: 


(a) The preheating flame serves to maintain an ignition 
temperature rather than to assist the combustion catalytic- 


a 

(b) Although in certain instances it may supply an appreciable 
fraction of the total heat involved in the cutting operation, 
this is not an essential feature. 

These conclusions also appear to be relevant to 
oxygen cutting of titanium, which has recently been 
studied.* In spite of the much larger cutting speeds 
possible with this material it was not possible to dis- 
pense altogether with a preheating flame in experi- 
ments where this was attempted. 

The congealing of fused metal at the bottom of the 
cut with steel plates having a high general level of 
preheat has previously been noted by Morelle,* who 
also drew attention to the increased iron contents of 
slags as cutting speeds increased in these and other 
cases. These effects are inter-related and explicable. As 
the general preheat temperature increases, the heat of 
melting decreases, but the combustion heat for the 
same mass (or volume) is maintained. Thus more 
material may be melted for combustion of a given 
quantity, other things being equal. Furthermore, as 
cutting speeds increase, less heat is conducted away 
for unit cut volume (equation 2, reference 1) giving a 
supplementary effect. It is likely that the congealing 
effect is more noticeable for another reason; namely, 
that with a generally preheated plate or an increased 
cutting speed the melted zone will be elongated back 
wards, so that the molten metal has a better chance of 
escaping backwards behind the jet instead of being 
swept out. The elongated molten pool is a common 
feature in fusion welding, particularly at the higher 
speeds in submerged-arc welding, and has been dis- 
cussed from the heat flow aspect by the presen‘ 
author.® 

With these results in mind it was decided to re 
examine specimens initially at room temperature. The 
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intention was to reduce the oxy-acetylene preheat 
flame to the lowest intensity required to maintain 
able combustion and so to reduce to the minimum 
-vel its contribution to total heat. Thus, errors in 
ymputing combustion rates, resulting from in- 
curate estimation of preheat flame heat transfer 
efficiency, would be minimized. 


Theory 


It has been shown! that the primary heat require- 
2nt of plate cut by means of an oxygen jet is that 
cessary to melt the kerf together with that con- 
icted away in the plate. In comparison, the surface 
sses from radiation and air convection may be shown 
sufficiently small to be neglected. 

Thus, the heat to be supplied for unit thickness of 
ite (equation | of reference 1) is: 


Q= kT (5+ 79) 


where k is thermal conductivity, a thermal diffusivity=k/pc, 
) is density, c is specific heat, and T is the melting (or com- 
ustion face) temperature above the surroundings, v is the 
>utting speed and d is the cut width. 


For a cut of given width and speed the total heat 
r unit thickness may thus be readily estimated, 
. ing values given in reference | and: 


T= 1900°C. c 
k = 0-10 cal/°C.cm sec 
p = 7°86 g/cu.cm 


0-155 g cal °C. 
a = 0-082 sq.cm/sec 


Any contribution from the preheating flame to be 
deducted from the total heat may be estimated from 
te mass flow rates of heating oxygen and fuel gas, 
together with the appropriate measured value of the 
heat transfer efficiency. Since the preheating flame is 
invariably fuel-rich in order to maintain stability it 
niay reasonably be assumed that the heating oxygen is 
completely burned, as a result of which the approxi- 
mate calorific value 4,000 cal/g of oxygen may be used. 

It has been shown? that an appropriate value for the 
heat transfer efficiency would be 0-77. Thus the 
preheat contribution per unit of thickness to be 
deducted from the total heat should be: 


m 
q = 3080 > 


where m is the heating oxygen flow rate and L is plate thick- 
ness. 


It is further shown (reference |, equation 6) that the 
combustion rate between oxygen and iron per unit 
area of combustion surface is given by the diffusion 
relationship, after substituting appropriate physical 
constants, as: 

-_ 358 


- loge - 


q 


vhere x is boundary layer thickness (cm) and 7 is the equival- 
ent fractional gaseous impurity of the oxygen. 


The latter is extensively discussed in reference 1: for 
99-7% oxygen purity and a 0-2% C steel, with oxida- 
tion to FesQ,4, » would be shown to be 0-0154. 

For the present purpose it may be assumed that 
combustion takes place on an area 7d/2 for unit plate 


thickness, where this is half the peripheral area of the 
oxygen jet. By combination of equations (1), (2) and 
(3) an estimate of the mean boundary layer thickness 
taken over the whole depth of the plate may be made 
for the purpose of comparison with a calculated 
boundary layer thickness to be determined by analogy 
with fluid friction or heat or mass transfer in other 
cases of pipe flow. Thus: 

kT (5+ 55) 30807 =F + jog, + 


and, inserting appropriate numerical values: 


1200 (3 ’ i.) — 30807 — 4 x 23-5 

In the former respect the paper by Kaye, Toong and 
Shoulberg’ is of direct interest, since it is concerned 
with fluid friction and heat transfer for subsonic and 
supersonic gas flow at a pipe entry. The extensive 
results of these investigators lead them to suggest that 
valid comparison may be made between the condi- 
tions stated and those obtaining for the lamina 
boundary layer along a flat plate placed parallel to an 
undisturbed gas stream. For these conditions and an 
incompressible flow the Blasius relationship holds :* 


d_id f(ubp 
x 521 ( # ) 
where / is the distance from the leading edge, u is the main 


stream velocity, p is the gas density, and » the viscosity 
appropriate to the boundary layer. 


Here the quantity u/p/u is a Reynold’s number; in 
computation, convenient use may be made of the 
mass flow per unit area at the nozzle, which is itself 
equal to up. 

For compressible flow the boundary layer thickness 
is increased, according to Howarth,® by the factor 
1 +0-2 (y—1)M?,, where y is the specific heat ratio and 
M is the local Mach number appropriate to the main 
stream flow. It will be seen that this correction is 
comparatively small for all except high Mach numbers, 
which would not obtain in gas cutting except at very 
high cutting oxygen pressures; in subsequent work it 
is proposed to neglect this correction. 

The boundary layer thickness of equation (5) is that 
with reference to any distance / along the pipe or flat 
plate. For combustion rate calculations dealing with 
total plate thickness L, a mean effective boundary 
layer thickness is required which may be shown by 
integration to be half the value above, if the quantity 
L be substituted for /. 

For the purpose of comparison with experiments it 
is appropriate to plot the quantity L/x=d/x.L/d against 
the Reynold’s number uLp/», using d either as the cut 
width or nozzle diameter and the quantity d/x from 
equation (4). 


Experiments 


In early trials it was found that satisfactory cuts 
could be made in mild steel plates 4 in. thick and 
upwards with preheat flames (using acetylene as the 
preheating gas) sufficiently small to contribute 4 or 
less of the total heat. Under these conditions com- 
bustion stability could be maintained, and a maximum 
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1—Profiles of experimental cuts 


permissible cutting speed for given oxygen pressure 
could be determined with relation either to definite 
drag length or to the point at which the cut ceased to 
penetrate fully through the plate. To bear relation to 
the maximum combustion rate for any given set of 
conditions it was therefore decided to characterize the 
critical cutting speed using a moderately high ratio of 
drag length to plate thickness. Thus, when a cut had 
been satisfactorily started the cutting speed would be 
increased in steps, care being taken to cut a sufficient 
length at each speed to establish steady conditions. On 
later examination of the cut surface the critical cutting 
speed for the condition of the combustion experiments 
could be determined by inspection. 

Experimental cuts were made down the centres of 
bars of limited width so as to facilitate the micrometer 
measurement of cut widths, using a previously 
measured bar width and the thicknesses of the cut 
halves as data. This, incidentally ,led to economy in the 
use of material, considerable amounts of which were 
in any case required, especially in the larger thick- 
nesses. Under the conditions described it was import- 
ant first to establish that no difference in total heat 
would be introduced as between the bar of limited 
width and the infinite plate, for which the theoretical 
heat conduction conditions were established in 
equation (1). This matter has been extensively studied’ 
and it is shown that the finite plate width influences 
only the temperature to which the bar equalizes at 
some distance behind the heat source (oxygen jet), 


Table I 
Material compositions 





Thickness, 
cm 
1-275 
2:53 

7-62 
15-2 


c % 
0-22 
0-18 
0-16 


Mn, % 
0-56 
0-75 
1-01 


Si, % 
0-01 
0-02 
0-14 





whereas the temperature distribution in the plat: 
immediately surrounding the jet is negligibly disturbec 
from that in the infinite plate. Nevertheless, care wa 
taken to use bars of sufficient widths, which variec 
from | in. in the case of } in. thickness to 2 in. fo: 
6 in. thickness. 

Oxygen Of standard 99-7% purity was used 
Chemical compositions, especially with regard t 
carbon, sulphur and phosphorus were also deter 
mined for each material employed, and are given ii 
Table I. Plain cylindrical cutting oxygen nozzles were 
used, of standard pattern with surrounding preheating 
jets, except that in certain instances the cutting 
orifices were drilled over-size so as to standardize on 
the size of preheating jet throughout the experiments. 
Cutting jet height above the plate surface was main- 
tained at 4 mm. Arrangements for the independent 
measurement of mass flow rates for acetylene, heating, 
and cutting oxygen respectively? involved the use of 
standard circular orifice plates across which pressure 
differences are registered by means of open-limb 
manometers, whereas absolute pressures on one side 
of each orifice are measured by means of closed-limb 
manometer. For the sake of convenience in the present 
case, the cutting oxygen was measured as a difference 
between total and heating oxygen. 

The cutting head for these experiments was mounted 
on a standard tractor, with provision both for speed 
variation and governing, and the measured tractor 
speeds were checked by direct calibration at the end of 
each experiment. 


Results 


To achieve a sufficiently wide variation of condi- 
tions for study, cuts were made in plates 4, 1, 3, and 
6 in. thick, and in the } in. and 3 in. plates two 
alternative nozzle diameters were employed. In every 
case results for several cutting oxygen pressures at 
constant preheat were obtained. The results are col- 
lected in Table II, and longitudinal and transverse cut 
profiles appropriate to the chosen critical conditions 
are shown in Fig. 1. This diagram shows that the 
necessity to reduce preheat and, at the same time, to 
increase cutting speed to approach some positive 
limit for the determination of limiting combustion 
rate, impairs to some extent the accuracy of profile 
obtained. These cuts should not therefore be con- 
strued as in any way representative of good practice: 
their purpose is purely that of combustion study. 

The values of vd/4a in Table II have been computed 
on the basis of nozzle diameter d, and not on cut width. 
Since d enters both sides of equation (4) the ultimate 
result is not unduly sensitive to absolute values. 
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Whereas nozzle diameter is well defined, cut width is 
not, and measurement of its average value implies use 
of certain conventions which it would be desirable to 
avoid. In fact, the results have also been analysed on a 
basis of cut width rather than nozzle diameter; the 
form of correlation obtained is unchanged, but scatter 
is greater. The latter results have not been presented in 
this report. The combustion heat for unit thickness in 
Table II is taken as the difference between total heat 
for unit plate thickness and preheat averaged over the 
whole thickness. With the degree of accuracy of 
measurement obtainable, no more elaborate treat- 
ment differentiating cut width effects or preheat or 
boundary layer thickness distributions through the 
plate thickness was thought to be feasible. For the sake 
of consistency the quantities L./d in Table II are also in 
terms of nozzle diameter rather than cut width. 

The quantity ‘fractional cutting oxygen utilization’ 
in Table II is computed from the combustion heat and 
the cutting oxygen mass flow rate (divided by plate 
thickness) converted into potential heat at 4,000 cal/g 
of oxygen. The other index of efficiency given in the 
table, namely (cut speed x plate thickness)/(cutting 
oxygen mass flow rate) in sq.cm/g is useful empirically 
but neglects the fact that cuts must be wider in thick 
material and also neglects heat conduction effects. 

Reynold’s number ulp/p is plotted against the ratio 
L/x in Fig. 2, together with the Blasius line derived 
from equation (5). In the Reynold’s number the 
quantity u is oxygen velocity, p is density (up is mass 
flow per unit area at the nozzle) and , is the viscosity, 
taken to be 4-68 x 10-* c.g.s. at 1000°K. 


Discussion 


The degree of correlation shown in Fig. 2 is en- 
couraging. The general divergence of the results from 


the Blasius line is not regarded as important, sinc: 
several of the constants in equation (4) are not 
determinable with precision. For instance it is no: 
entirely clear that the combustion periphery shoul! 
be wd/2; a greater value might be possible. Th: 
computed diffusion constant, viscosity and impurity of 
the oxygen are also susceptible to error, bearing i: 
mind the uncertain boundary layer temperatur> 
(taken as 1000°K) and impurity composition. 

It is also interesting to note that the divergence fron 
a datum line parallel to the Blasius line follows 
fairly regular pattern, particularly with respect to the 
absolute value of nozzle diameter. Similarly, there ar. 
apparent links between this divergence and (i) th: 
ratio preheating/cutting-oxygen mass flow rates; (ii) 
proportion of cutting oxygen computed as absorbe: 
in combustion with iron in the cut; and (iii) th 
factor vd/4a. It would be valuable to establish reasons 
for such behaviour. 

The cuts in the thick plate took place at a very hig! 
ratio of L/d, generally coincident with high cuttin: 
oxygen utilization. In fact it would appear that th: 
latter is overriding, whereas it might have beer 
anticipated that a limit would be set simply by ex- 
haustion of the kinetic energy of the cutting oxygen 
stream from friction. The question may therefore be 
asked as to why cuts in thin plate may not be made at 
such high L/d ratios. It is certain that, under the con- 
ditions of the experiments, use of the 0-10 cm dia. 
nozzle on } in. plate offered no advantage, with either 
of the possible criteria, oxygen utilization or cut- 
speed/oxygen mass flow rate, as compared with use of 
the 0-178 cm dia. nozzle. 


Finally, since equation (4) may be said to correlate 
with the experimental results, conditions for econ- 
omical cutting may be estimated by transposing in the 
form of cutting-speed/cutting-oxygen mass flow rate. 


Ratio L/X is proportional to superficial combustion rate x plate thickness 
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2—-Combustion boundary layer thicknesses and oxygen flow Reynold’s numbers for oxygen cuts with plate thicknesses L 
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Table III 
Recommended oxy-acetylene cutting conditions’ 





Plate 
Thickness 


Preheat 
Oxygen,* 
g/sec 
0-129 
0-177 
0-257 
0-322 


Nozzle 
Dia., 
cm 
0-100 
0-118 
0-178 
0-193 


Cutting 

Speed, vd 

cm/sec 4a 
0-59 0-18 
0-47 0-17 
0-34 0-18 
0-25 0-15 


Cutting 
Oxygen, 
g/sec 
0-40 
0-78 
2°52 


15-2 4-18 





* On the basis 1 vol C,H,/1-5 vols Og. 


Differentiating with respect to the latter quantity and 
>quating to zero, we have: 


a )ctact Lact, /(ult)c, / (uti 
A+B x )=co =CF =CF (“*)=c (“7)--© 
vd ud*p _ 
Put a a 4 x 
then 
A- By = Cy 4 ylx = Cy¥x—A 


Bx 
and a = 0 when C\x=24A, and y= A/B 


This leads to the simple result from equation (4) 
(under conditions where preheat provides a negligible 
supplement to combustion heat), that the most 
economical use of cutting oxygen is achieved when 
vd/4a=4. Where preheat is significant the optimum 
value will be lower. Similarly, there should be an 
optimum cutting-oxygen mass flow rate per unit plate 
thickness at this value of vd/4a. These results are, in 
general, supported by each of the groups of experi- 
ments, although the data are not sufficiently accurate 
for positive optimum correlation to be seen. If L/d 
could be maintained at a constant limiting value, 
irrespective of plate thickness, the theoretical result 
shown above would imply diminishing oxygen 
velocities (hence pressures) with greater thicknesses. 

It is also interesting to compare the conditions of the 
experiments with recommended values given by 
Seymour-Semper." These are given in Table III in the 
units of this paper. The most striking feature is the 
proximity of the recommended values of vd/4a to the 
value already deduced. In contrast, the recommended 
preheat rates are three to six times greater than those 
used for the special conditions of these experiments. 
Recommended cutting-oxygen mass flow rates are 
somewhat greater, but the cutting speeds are of the 
same order as those which arose from the experiments. 
Some degree of comparison may, therefore, be per- 
mitted between the deductions of this investigation and 
industrial gas cutting. The most important of these, if 
it could be substantiated, is that cutting speeds on 
plates up to about | in. thick would be markedly 
increased if the low combustion rate in this case could 
be understood and avoided. 

On the question of optimum cutting conditions a 
qualification is necessary that efficient use of oxygen 
may not always be a suitable criterion. It is certainly 
not likely to be so with an expensive metal like titan- 
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ium, where much larger values of vd/4a than } are 
obtainable, in view of the physical and chemical con- 
ditions. In such a case a more suitable criterion would 
be cut and heat-affected zone width, and the latter 
would be smallest with vd/4a approaching unity, 
together with the smallest possible cutting jet diameter 
for given thickness. 


Conclusions 


1. By using three different methods of surface heat- 
ing it has been confirmed that the primary function of 
a preheat flame in gas cutting is to maintain an 
ignition temperature at the top face of the cut. 

2. In gas cutting tests with cylindrical oxygen jets on 
mild steel bars, using the smallest preheat flames 
compatible with cutting stability, it has been shown 
that the gas diffusion mechanism, using boundary 
layer thicknesses as computed for a flat plate placed 
parallel to a gas stream, gives combustion rates com- 
parable with those measured. Under these conditions 
combustion rate is proportional to the square root of 
cutting oxygen mass flow rate, if each is related to 
unit plate thickness. 

3. On the basis of conclusion 2, combustion rates 
were lower for plates of small thickness, where a high 
ratio preheat/cutting-oxygen mass flow rate obtained. 

4. The analysis shows that the quantity (cutting 
speed x nozzle diameter) should be 0-8 times the 
thermal diffusivity of the plate material for optimum 
use of oxygen in cutting. This is broadly in agreement 
with the experimental results and with recommended 
gas cutting conditions over a range of cut thicknesses. 

5. The large values of the ratio plate-thickness/ 
nozzle-diameter realized for cutting thick plates seem 
only to be limited by exhaustion of oxygen in the cut. 
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Oxygen Cutting 


By A. A. Wells, B.SC.(ENG.), PH.D., A.M.I.MECH.E. 


REPORT ON RESEARCH WORK FOR THE A. 4 (FM. 10) 


COMMITTEE 1950-1959 


In September 1950 the Research Board of B.W.R.A. selected oxygen cutting as 
a topic for investigation, and a committee was set up under the Chairmanship of 
Professor O. A. Saunders to study this subject. The boundary layer mechanism 
for gas—metal combustion was chosen as the most profitable field for study. In 
outlining the boundary layer theory, the present report describes experiments 
carried out to check its validity and gives details of observations on ignition 
temperatures and flame heat transfer efficiencies. Consideration is also given to 
the extent to which oxygen cutting could be applied to metals other than iron, 
and brief reference is made to the possibility of using the halogen gases as a 
means of cutting metals. 


Foreword 


Towards the end of 1950 B.W.R.A. set up a Committee 
with the following terms of reference: 


“To study the fundamental aspects of oxygen cutting primar- 
ily as a method of preparing plate for welding, with a view 
to finding whether any improvement can be made in the 
economy of the process or in the quality of the result.” 


At the time this was a bold step, partly because it 
involved B.W.R.A. in research on cutting, and partly 
because the intention was to carry out a research of an 
unusual fundamental character. 

B.W.R.A. were able to obtain the services of Professor 
O. A. Saunders as the Chairman of this Committee 
until he resigned in 1956, and a number of other dis- 
tinguished practical and academic people sat on this 
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vestigations were published,’ whereby accu- 

rate assessments of cut width, cutting speed, 
nozzle diameter, oxygen pressure, and flow rate and 
fuel-gas flow rate were made for various steel plate 
thicknesses. These investigations helped considerably 
in the selection of optimum conditions for making 
straight cuts on plates. During this period it had also 
been ascertained that oxygen cuts made under machine 
controlled conditions were suitable as preparation for 


[) ws the 1930s the results of a number of in- 


welding, since the small surface layer, rich in carbon, 
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Committee. Dr. A. A. Wells led the investigation 
throughout. - 

It later became apparent that the limitation “prim- 
arily as a method of preparing plate for welding” 
should be removed, and it was also found that useful scien- 
tific information could be obtained by working on metals 
other than mild steel, which was the original intention. 

By April 1958 it was decided that the original objective 
had been substantially achieved. It was agreed that the 
results should be collated and circulated to members. 

It is the hope of the Research Board that those 
interested in cutting will find that this report enables 
them to obtain a better understanding of what happens 
during oxygen cutting and, further, that they can apply 
the results in their practical operations. 


and hardened by cooling, was removed in all cases by 
the welding operation. During the production expan- 
sion of the second World War extensive use was made 
of machine oxygen cutting for weld preparation. 

Although the process was well established in 1950, 
there were at least two variables in oxygen cutting of 
steel worthy of further examination; namely, the 
purity of the oxygen used for cutting and the shape of 
the oxygen nozzle. The state of understanding regard- 
ing these matters is well reviewed by Spraragen and 
Claussen* for 1939. Until that time it had been 
customary to use plain cylindrical nozzles and oxygen 
of approx. 99-5 % purity, this figure presumably being 
related to the economics of oxygen production. 

At its first meeting the Committee considered a 
specially prepared survey, together with a report on 
the more recent development work which had been 
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undertaken with equipment for producing multiple 
bevels for plate butt welding. At the same meeting it 
was noted from the investigator’s survey that very 
little previous work had been conducted on the 
mechanism of iron and oxygen combustion (on which 
the process of cutting depended), although there was 
ample reference to the mechanism of solid phase 
combustion in the general literature. In particular, the 
boundary-layer mechanism offered a hypothesis to 
explain the influence of oxygen purity on the con- 
sumption of gas in cutting and on cutting speeds, and a 
tentative theory for the gas cutting case was presented 
in the survey. It was decided that this would be the 
most profitable field for experimental investigation. 


Heat Flow by Metal Conduction in Oxygen Cutting 


To assess the heat input required to produce a cut 
of given width and speed, it was recognized that a 
quantitative study of heat flow by metallic conduction 
would be needed. Similarly, estimations of the heat 
lost by radiation and convection would be required, 
but it could be shown that upper limits for heat trans- 
fer by the two latter processes were a whole order less 
than for metallic conduction. 

Mathematical theory for the heat conduction from a 
line source in an infinite solid had been given in- 
dependently by Roberts‘ and Rosenthal® for materials 
with thermal properties invariant with temperature. 
in both oxygen cutting and welding an important con- 
sideration is the maximum width of an isotherm (in the 
direction normal to source travel) for a given tempera- 
ture, since the isotherm for meiting defines the width 
of either the cut or the weld. The Roberts’ solution was 
therefore transposed to give the maximum isotherm 
width and this permitted the development of a simple 





*A similar expression, omitting the 4 term, was developed 
independently at about the same time by N. N. Rykalin. 


14 





— Calculated where:— 


M-2[54 +1] 


° Jackson and Shrubsall 
measurements 














vd 
4a 


1—Butt welding heat dissipation 
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2—Superimposed results of Apps and Milner® analysed non- 
dimensionally with latent and specific heat combinations 


approximate expression which has been widely used 
since :* 
vd 1 vd 
q= skT (=< +3) (for >0-1 


where g=heat input rate for unit thickness, cal/sec.cm 
k=thermal conductivity, cal/sec.sq.cm °C.cm 
v=source velocity, cm/sec 
d=maximum width of isotherm at temperature 7 
above surroundings, cm 
a=thermal diffusivity, sq.cm/sec 
=k/pc, where p is density and c is specific heat. 


Experimental confirmation was obtained by com- 
parison with measurements published in the U.S.A.,® 
and this work was embodied by the investigators in a 
report also published in America’ (Fig. 1). At this 
time also, the relation between isotherm shape and 
heat input rate in welding was recognized, so permit- 
ting the link to be established between significant 
variation of shape of weld ripples and heat input rates 
used to make a weld of given size. 

In the subsequent period equation (1) has been 
further examined experimentally by Milner and Apps® 
for a wide variety of metals. Their work demonstrated 
systematic deviations, for metals other than steel, 
between calculations and measurement of melted 
widths and welding speeds for given heat input rates. 
Through being largest with metals such as aluminium, 
having high latent heats, the source of deviation was 
traced. At the present time there are no accurate 
quantitative methods for considering latent heat as a 
factor influencing melted width either in cutting or weld- 
ing. A uniformly applicable approximate correction 
is achieved by using an effective specific heat for cal- 
culation, which is the total heat for melting divided by 
the melting temperature, both being reckoned from 
ambient temperature (Fig. 2 and discussion to ref. 8). 
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Boundary Layer Theory of Gas and Metal Combustion 


Very large combustion rates may be supported 
when pure iron is allowed to burn in pure oxygen. The 
limiting chemical combination rate does not appear to 
have been measured at any time, although Tucker,® in 
1911, described how the burning time for an iron wire 
in oxygen of high purity could be increased eight-fold 
by decreasing the oxygen purity to 50%. Nusselt,!° in 
1916, showed that the reduced combustion rates with 
impure materials could be explained by taking into 
account the diffusion of the oxidizing gas through 
stagnant layers of its own impurities and the gaseous 
products of combustion near the combustion face. 
Nusselt’s analysis was concerned with carbon, in air 
or oxygen. This hypothesis also applied to iron and 
oxygen combustion if the resistance due to the thin 
molten oxide layer, as well as the chemical resistance, 
could be ignored. 

In regard to the period of activity now described, it 
was recognized at the outset that this hypothesis, 
largely confirmed hitherto from studies of fuel 
combustion, should closely apply to the conditions in 
oxygen cutting. A theory was further propounded for 
the special conditions arising in this case." 

For the steady diffusion at constant temperature of 
one gas through a second gas, stagnant at the interface, 
the rate of diffusion, N g.mol/sec, of the first through 
unit area of the interface has been shown by Stefan™ 
to be given by equation (2) if there is no change of 
total pressure across the boundary layer: 


where D= diffusion constant of the first gas through the stag- 
nant gas, sq.cm/sec 
total pressure, atm 
gas constant for | g.mol., 82-1 c.g.s. units 
absolute temperature, “K. 
thickness of boundary layer separating the face from 
that part where the gases are in constant proportions, 
cm 
partial pressure of stagnant gas at interface, atm 
partial pressure of stagnant gas in body of mixed 
gases, atm 


If there is little resistance to combustion at the inter- 
face itself, it follows that p,—~P, and the rate of 
diffusion becomes: 

DP l 


N == . 
RTx 18 5, 


where p,/P is the partial pressure ratio, equal to the 
volumetric fractional impurity » of the diffusing gas. 


Experiments to Examine the Boundary-Layer 
Hypothesis 


The boundary-layer thickness x depends on the 
aerodynamics of the combustion face and gas flow 
system, as in the analogous conditions of friction and 
heat transfer in fluid flow. 

An experiment was required for the verification of 
this theory. Although it would have been appropriate 
to use conditions of actual cutting, it was recognized 
that the necessity for a pre-heat flame would make 
difficult the estimation at this stage of the output of 
heat from iron and oxygen combustion. It was argued 


that it would be easier to maintain combustion if the 
loss of heat from the combustion face by conduction 
could be reduced, and this led naturally to considera- 
tion of a combustion face maintained across the end of 
a round iron bar. It was found possible to maintain 
such combustion by rotating the bar so that the hot 
upper surface could always be presented to the 
impinging oxygen jet." For given oxygen velocity and 
bar diameter the limiting condition was the speed at 
which the bar could be projected into the oxygen jet 
without stopping combustion. From the speed, the 
superficial combustion rate could be calculated as 
equal to the heat necessary to melt away unit cross- 
sectional area of the bar at this speed. 

The first experiments were addressed to the influ- 
ence of oxygen impurity. The latter could be selected 
by bleeding known amounts of nitrogen into oxygen of 
a standardized commercial purity of 99-7%. In these 
experiments the logarithmic influence of impurity of 
equation (2) was confirmed, when bars from one batch 
of mild steel were used (Fig. 3). However, in explor- 
atory work, bars of different sources and compositions 
had been employed and marked divergences had been 
recorded, particularly with steels of high carbon 
content. This led to consideration of the influence 
which carbon and other elements might have in re- 
acting with oxygen. Apparently, when gaseous 
compounds resulted, these would require to be re- 
moved from the boundary layer by diffusion back into 
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3—Effect on combustion rate of (a) carbon content at standard 
oxygen purity (99-7%); and (b) oxygen purity (0-195% C 
steel) 
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the main stream, which would be further contamin- 
ated thereby. 

A hypothesis was produced to include this effect, as 
follows: 

If the solid contains y% by weight of a contaminant, 
which reacts with each molecular volume of diffusing 
gas to replace m times the quantity of main solid and 
form n molecular volumes of gaseous contaminant 
which must diffuse back into the stream, it follows that 
the main stream purity at the edge of the boundary 
layer is reduced by an amount »,, given by: 


mny 
1+ y[m(1+n)—1] 


(y==mny, if y<1) 


Ne 


The value of », may then be added to » in equation 
(4) to derive the corresponding diffusion rate. The 
theoretical suppressing effects on combustion rate of 
iron and oxygen due to the contaminating elements 
carbon, sulphur, and phosphorus are each significant, 
but carbon is most important. 

Experiments were performed with many iron— 
carbon alloys and oxygen of standard purity, which 
again confirmed the logarithmic effect of equivalent 
impurity on combustion rate (Fig. 3). In this case, 
however, there were two notable exceptions in 
Swedish and Armco irons, which showed relatively 
high and low combustion rates respectively. Also, 
although it would have been desirable to consider the 
well-known reluctance for combustion between oxygen 
and cast iron, this material could not be made to burn 
in the existing apparatus. 

These divergences were examined over a consider- 
able time before even a partial understanding emerged. 
It is now agreed that the distribution of chemical con- 
stituents within the structure of a metal has an effect on 
combustion. For instance, the carbon in cast iron may 
be partly distributed as flat flakes or as discrete 
spheroidized globules. Combustion is not possible 
with the former material but takes place at approxi- 
mately the calculated rate with the latter. It is con- 
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4—Poundar)-layer thickness from heat-flow analogue 


ceivable that there is an analogous microstructural 
influence with Swedish and Armco irons.* 

The essentially good agreement between the 
measured and calculated combustion rates with 
impurity variations for the boundary-layer hypothesis 
encouraged further examination of the aerodynamic 
influence on the boundary layer. Other things being 
equal, it was assumed that boundary layers would 
become thinner with increased oxygen pressures and 
velocities. 

However, experiments on the round-bar combustion 
equipment gave disappointing results, which were 
eventually attributed to the complex aerodynamic con- 
ditions on the combustion face. For instance, step 
formations had been observed to occur as the bars 
rotated at the highest rates of axial traverse for given 
oxygen pressures. The scaling relationships were 
studied experimentally by varying bar diameter 
between } in. and | in. Plots of combustion rate 
against oxygen velocity showed in each case two 
regimes separated by a point of instability. Although 
changes from laminar to turbulent flow might have 
been suspected, success was never achieved in correlat- 
ing this behaviour. On the other hand, it was found 
possible to predict combustion rate with encouraging 
accuracy from an experiment with a heat-flow analogue 
(Figs. 4 and 5). In this experiment the end of a bar 
was heated at a controlled rate at one end so as to 
supply the losses through a boundary layer main- 
tained across the opposite end by a transversely 
impinging air or oxygen jet. 


Ignition Temperature 


It is customary to accept the existence of a discrete 
ignition temperature in some combustion studies. 
Although combustion rates may be primarily con- 
trolled by impurities when reaction is taking place 





* This has been subsequently confirmed. Combustion rates are 
lowered by grain boundary carbide films. 
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5—Comparison of measured and calculated combustion rates 
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6—Oxy-acetylene preheating flame heat transfer 
efficiencies (Coates) 
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between substances of commercial degrees of refine- 
ment there is still a finite reaction rate with chemically 
pure reactants. This limitation, of thermodynamic 
origin, is related to the temperature achieved in the 
reaction, and the latter influence may be so pronounced 
that the simple conception of an ignition temperature 
becomes possible under narrowly defined conditions. 

The maintenance of an ignition temperature is 
obviously important in oxygen cutting, as it is obvious 
that combustion can normally neither be started nor 
maintained without a preheating flame. The distinc- 
tion between gas and solid phase combustion on the 
one hand and combustion between gases on the other 
is interesting in the sense that the latter requires no 
separate agency for the maintenance of combustion. It 
is possible that stability depends upon minute amounts 
of re-circulation within the combustion zone, so that 
chilling does not arise from the entry of fresh reactant. 
Certainly, much consideration was given to the 
mechanism of reaction stability in oxygen cutting, both 
in the search for understanding, and with the purpose 
of dispensing with the preheating flame so that com- 
bustion rate studies might be extended into the field 
of plate cutting. 

Experiments were mainly performed with plates 
preheated to a high temperature before an oxygen jet 
was applied'*!® and with high-frequency induction 
heating substituted for the preheating flame. Through 
the successful maintenance of combustion in these 
experiments, particularly in the latter case with intense 
local heating near the cut, it was confirmed that the 
maintenance of an ignition temperature at the point of 
impingement of oxygen is the only necessary adjunct 
to combustion stability in that instance, and that the 
preheating gas flame does not necessarily fulfil any 
fluxing, catalyzing, or other chemical function. In spite 
of many attempts, no simple yet effective way of dis- 
pensing with a preheating flame in oxygen cutting was 
discovered, as a result of which the studies of com- 
bustion rate in plate cutting were eventually performed 
with the use of the smallest possible preheating flames. 

Prior to quantitative work it was necessary to meas- 
ure the heat-transfer efficiencies of preheating flames. 


Flame Heat Transfer Efficiencies 


In a flame caused by the reaction of commercially 
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pure fuel and oxidant gases it is possible to account for 
most of the theoretical heat evolution; some is dis- 
sipated by gas convection and radiation; the remainder 
is transferred to any solid body placed near the flame. 
The heating may even be so intense that the surface of 
the solid being heated re-transfers heat to the atmos- 
phere to leave no tangible evidence of the course of 
the particular component of heat into and out of the 
solid. It is possible by means of calorimetry to estimate 
that proportion of the heat evolved which is usefully 
absorbed into the heated body, and this fraction is 
defined as the heat-transfer efficiency. Before measure- 
ments could take place it was necessary to develop the 
calorimetry methods.'* In partécular it was discovered 
by Coates that significant errors could arise when, 
through plunging a plate with very uneven temperature 
distribution into the calorimeter liquid, local boiling 
took place. High boiling point liquids were not found 
to offer great advantage. By keeping other conditions 
constant and varying the time between the end of 
heating and immersion in the calorimeter it was found 
that the highest temperature rises occurred with inter- 
mediate times (sufficient for equalization within the 
body) and that a suitable correction to compensate for 
boiling could be made by extrapolating the tempera- 
ture rise for longer delay times back to zero time. 
Where necessary, satisfactory corrections were estab- 
lished for the mass of water evaporated from the 
calorimeter. 

Measured efficiencies for preheating flames gov- 
erned by an injector orifice 0-031 in. dia., playing on 
steel plates 12 x 6x 3 in. are shown in Fig. 6. Flame 
size is shown to have a significant effect. In contrast, 
insignificant differences were observed when the 
following changes were made: 

(a) Heating times between 12 and 50 sec with stationary 

flames 

(b) Nozzle plate distances between 0-1 and 1-6 in. 

(c) Plate surface conditions between ‘machined’ and ‘heavily 

rusted’. 

The marked effect of altering the mean temperature 
rise of the plate through diminishing its size or thick- 
ness is also shown in Fig. 6. Since a correction for 
evaporation has already been applied, the diminished 
efficiencies must be attributed to reduced total heat 
transfer by gas convection, and in particular to re- 
transfer by convection from the plate at increased 
mean temperature. 
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In spite of these differences, the variations with 
standard oxygen cutting preheating flames were not 
found to be great, if confined in operation to relatively 
large flat plates under the conditions of normal use. 
Measurements with a thermopile confirmed that an 
insignificant proportion of the heat-transfer loss could 
be associated with radiation from the non-luminous 
flames normally used, in spite of high flame tempera- 
tures, but discrete convection loss could be detected. 


Boundary-Layer Hypothesis in Plate Cutting 


Although conditions differ between combustion 
with oxygen on the end of an iron bar, and oxygen 
cutting of plate, the differences would be expected to 
be mainly aerodynamic. It was considered that there 
would be a possible comparison of the boundary 
layers existing at the entry to a tube with high-speed 
axial gas flow and within the plate adjacent to the 
oxygen jet. Further, it has been shown in gas-flow 
studies that the conditions at the entry to a tube are 
identical with those on a flat plate placed parallel to a 
gas stream of infinite extent and uniform velocity!® up 
to a Reynold’s number ulp/» of 3 x 10°, and for sub- 
sonic or supersonic flows of moderate Mach number. 

Thus: 


— 321/,/() 


where x=boundary layer thickness, cm 
/=distance from leading edge, cm 
u=main stream gas velocity, cm/sec 
p=gas density, g/sq.cm 
“= gas viscosity, dyn sec/sq.cm. 


This gave the possibility of designing experiments for 
the correlation of combustion rate on unit surface area 
within the cut and the Reynold’s number for the 
combustion face, in turn dependent on the jet velocity 
and the length of the gas flowpath along the cut face. 
In this examination combustion rate would be measur- 
able from the cut width and speed,’ the thermal 
properties of the iron, and a correction for external 
heat supply from the preheating flame rather than by 
iron and oxygen combustion. It has already been 
mentioned that exploratory experiments did not give 
the possibility either of dispensing with the preheating 
flame or of repiacing it by another source of heat where 
the input would be more readily measurable. There- 
fore, it was decided to conduct normal plate cutting 
experiments with preheat flames reduced to about 
one third the normal intensity, so that errors in heat 
input estimation from this source would not seriously 
affect overall accuracy. 

Experiments were conducted with mild steel varying 
between $ in. and 6 in. thickness and with the widest 
possible variations in oxygen nozzle diameter and 
oxygen pressure.’® Individual cuts were made at 
constant pressure with step-wise increases of cutting 
speed until the cut was lost. The drag markings on the 
faces were then examined to assess the limiting com- 
hustion rate condition for the highest stable cutting 
speed. As would be expected, this was found to be 
issociated with drag length. 

The results permitted an encouraging correlation 
between cut width and speed and Reynold’s number* 





* See Fig. 2 of report A4/3/58, p.84 of this issue. 





chlorine was considered appropriate for the first 


91 


inclusive of measured combustion rates (equation 1) 
and calculated values (equations 3, 4, and 5). The 
correlation appeared to be unique except for the 
smallest oxygen nozzle diameters and small plate 
thicknesses, where lower combustion rates than those 
calculated were observed. There is at present no 
complete understanding of these lower combustion 
rates but, since they were associated, as already men- 
tioned, with the smaller absolute nozzle diameters it is 
plausible that the oxygen jet was contaminated by 
gaseous combustion products from the preheating 
flame to a much greater extent in these cases. 

If proven, the latter result might be of considerable 
practical importance. The possible ratio between cut 
width and depth with plates above 2 in. thick is quite 
small. Dimensional theory suggests no reason ‘why this 
ratio should not be comparably small with thinner 
plates, yet the experiments did not support this. If one 
could use smaller diameter jets for plate of 1 in. thick- 
ness and less, cutting speeds would be proportionately 
raised and cut faces might also be better finished. To 
do this it might be necessary, on the above hypothesis, 
to replace the gas preheating flame with another type 
of local heat source so as to avoid oxygen jet con- 
tamination. 





Oxygen Cutting of Metals other than Iron 


The evolution of a working hypothesis for oxygen 
cutting leads naturally to a more general consideration 
of solid and gas combustion for the cutting of other 
materials. A survey was conducted by Coates!’ with 
the purpose of assessing (a) to what extent oxygen 
cutting could be extended to metals other than iron, 
and (5) the cutting facility of the halogen gases and 
others with various metals. 

Three conditions were postulated: 


(i) Physical: The combination of solid and gas should 
preferably result in a product which is liquid at the melt- 
ing temperature of the solid. Gaseous combustion 
products produce contamination of the impinging gas 
stream 

(ii) Chemical: There must be an exothermic reaction, and 
ignition temperature below the melting temperature of 
solid and combustion product 

(iii) Thermal: The heat generated by the reaction must be 
sufficient to overcome the heat of melting and the losses 
by conduction, convection, and radiation. This con- 
dition may be stated quantitatively in terms of heat of 
reaction, melting temperature, specific heat, and thermal 
diffusivity. 


Considering first the reaction between oxygen and 
the metallic elements as at present known, the three 
satisfying the above conditions are iron, titanium, and 
vanadium. Experiments were performed first with 
titanium!*.!® and, secondly, with vanadium,” both of 
which were found to be readily cut with standard 
equipment. The calculations predicted a strong re- 
action with titanium and this was confirmed experi- 
mentally. Cutting speeds were approx. five times those 
for steel, other things being equal. The cutting 
potentiality of titanium was determined independently 
in this way. Brief references to commercial exploitation 
of oxygen cutting of titanium were also discovered. 

Of the other gases likely to react with metals, 
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examination, with the metals zinc and copper, and 
their alloy brass.'? Although other conditions were 
satisfied, the ignition could not be maintained with 
zinc because of its low melting point. With copper the 
reaction, although exothermic, did not appear to be 
strong enough to overcome heat losses by conduction. 
Limited success was achieved with brass, which has 
both a sufficiently high melting temperature for 
ignition to become possible, and a lower thermal 
conductivity than copper. The results did not, how- 


ever, point to any possibility for exploitation, especi- 
ally when considering the toxic nature of the cutting gas. 

The possibility of cutting copper with fluorine has 
been described elsewhere. Yet another possibility, of 
cutting magnesium with nitrogen, was investigated 
without success, and it was concluded either that the 
nitrides which were formed were not fluid at the. 
melting temperature, or that the melting temperature 
of the metal was insufficient for maintenance of the 
reaction. 
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BOOK REVIEW 


W. D. BicGs: “The Brittle Fracture of Steel’, London, 
1960, Macdonald and Evans, 450 pp. (70s.) 


Although one hesitates to welcome yet another addition 
to the voluminous literature on brittle fracture, it must be 
admitted that Dr. Biggs has performed a very useful work 
in reviewing the present state of knowledge on the subject, 
and by presenting in compact form a wealth of data and 
references. 

The subject is well subdivided according to classification 
of fractures, service experience, mechanisms of fracture, 
effects of external conditions, metallurgical variables, and 
the discussion of mechanical tests. There are chapters on 
the relationship of welding and residual stress to brittle 
fracture. The treatment is competent, thorough and 
objective. 

The chapters on welding and residual stress in relation 
to brittle fracture are probably the least conclusive, for the 
simple reason that this is one of the regions in which the 
available knowledge is most confused. However, ample 
data and references are given, with an adequate discussion. 

The specialist and student of this complex subject will 
probably find more value and inspiration in the book than 
will the engineer faced with immediate problems of design 
and selection of materials, but the style, presentation and 
illustrations are abundently clear, so that even the layman 
will find it readable, and undoubtedly of considerable 
interest. 


In reviewing a book so thoroughly documented and rich 
in references it may seem churlish to point out some 
omissions, but in view of the importance which the book 
attaches, particularly in the Summary, Chapter XII, to the 
exhaustion of ductility at the roots of notches, it would 
have been appropriate to refer to the work of D. C. 
Drucker, C. Mylonas and others on this topic. Neverthe- 
less, the book is more generous in references than some 
other recent publications on the subject. 

The book has few blemishes apart from some curious 
phraseology, as for example when it is stated on page 24 
that a severe winter caused a major failure in a tanker, and 
on pages 20 and 28 there seems to be some confusion 
between bending moment and stress. On page.22 the word 
“bilge” should obviously read “‘bridge’’, and on page 394 
many will be relieved to read that “‘a high manganese 
carbon ratio will not necessarily promote a high transition 
temperature”. 

The book correctly gives the impression that brittle 
fracture is a vitally important but very intractable problem 
which is by no means solved, and ends with the trenchant 
pointer: 

“The greatest need is clearly that of a deeper under- 
standing of the fundamental mechanisms of flow and 
fracture—in the long run this is probably the only 
method by which a full solution of the problem will 
be achieved.” 

G. M. Boyp 
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By F. Watkinson, B.SC. (ENG.), L.1.M. 


Welding of Medium-Carbon Low-Alloy Steels 


RELATIONSHIP BETWEEN WELDABILITY 
AND TRANSFORMATION CHARACTERISTICS 


The paper concerns the development of methods of testing medium- 
carbon low-alloy steels to ascertain the relationship between weld- 
ability and transformation characteristics in a number of steels. The 
work covered two distinct but related aspects: (a) an attempt to 
establish a relationship between hydrogen content and critical cooling 
rate, for cracking; and (b) the determination of the continuous cooling 
transformation temperatures of the steels investigated for the further 
purpose of correlation with the critical cooling rate. 


the establishment, for a wider range of steels 

than previously considered, of the relationship 
between transformation characteristics and the ten- 
dency to heat-affected zone cracking. Previous work! 
on a limited range of steels has shown that, for a given 
hydrogen level, there is a critical end-of-transforma- 
tion temperature, and continuance of transformation 
below this corresponds to the onset of cracking in the 
heat-affected zone. Steels of higher carbon content and 
different combinations of alloying elements have been 
used. The work may be considered in two main parts. 
[he first deals with the attempt to establish the rela- 
tionship between hydrogen content and critical cooling 
rate (for cracking) for the series of steels considered. 
The second part comprises the determination of the 
continuous cooling transformation temperatures of 
these steels and the attempt to relate critical cooling 
conditions with transformation temperature. 

The first part of the programme has involved the 
development of a cracking test, different in geometry 
from that of the C.T.S. test, which provides the neces- 
sary range of cooling conditions in a single test. 
Suitable methods of depositing weld metal containing 
controlled amounts of hydrogen have also been 
developed. The B.W.R.A. high speed dilatometer has 
been used to determine the transformation character- 
istics of the steels investigated, over the range of cool- 
ing conditions experienced in arc welding. 


Rete work by B.W.R.A. has been focused on 


Development of the Wedge Test 


In an attempt to economize on material and man- 
power, a test was sought which was easy to prepare 
and examine, and which at the same time provided a 
range of cooling conditions similar to those found in a 
set of C.T.S. test assemblies. The test, selected and 
subsequently developed as a cracking test, was a wedge 





Report B2/10/60 of the British Welding Research Association, 
circulated to members in May 1960. 
Mr. Watkinson is a Research Officer with the Association. 610 


test originally used for the microstructural study of 
transformation behaviour in mild steel under arc 
welding conditions. The test wedge was modified in 
shape, and the welding conditions were so adjusted as 
to give a suitable range of cooling conditions in the 
heat-affected zone of the weld. Figure 1 shows the 
dimensions of the first two wedge shapes tested. These 
were prepared from 14 in. and | in. thick plates. The 
welding conditions chosen were those used in the 
standard C.T.S. test. Using 8 s.w.g. electrodes and the 
normal deposition current, welds were made at the 
rate of 14 in. of electrode per inch of weld deposited. 
From these tests typical cooling curves from different 
positions along the wedge were obtained. The thermal 
cycles experienced over the length of the test wedge 
were equivalent to those experienced in the C.T.S. 
tests of thermal severity numbers ranging from 10 to 4. 
Figure 2 shows the dimensions of the modified wedge 
shape test block (Mark III) which was finally adopted 
as giving the best range of cooling conditions, and 
Fig. 3 shows the cooling curves obtained along this 


Scale removed and 
surface ground finish 
GF 


1— Dimensions of the two wedges used 
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2—Taper sections of Mark}I and Mark Ill wedges 


cracking and the position along the wedge at which the 
last crack was observed was then related to the cooling 
rate at that position. A comparison is given in 
Table III between the critical cooling rates of this 
steel in different tests, including the C.T.S. test and a 
wedge test using a smaller gauge electrode. 

The thermal reproducibility of the established wedge 
test has been checked over a number of different tests, 
and Table IV shows the variation, over eight tests, of 
the cooling rate at a fixed point in the wedge geometry. 


Control of Hydrogen in Weld Metal 


There is evidence of a distinct relationship between 
the hydrogen content of a weld metal and its tendency 
to produce heat-affected zone cracking in certain low- 
alloy steel base plates.* The complete establishment of 





3—Cooling curves for Mark Ill 
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wedge at positions defined in Fig. 4. Table I lists the 
cooling rates at 300°C. obtained from these cooling 
curves. 

Actual cracking tests were made on wedge blocks of 
both thicknesses. The steel used was developed by 
B.W.R.A. (AB); its composition is given in Table II. 
The electrodes used were rutile coated class E3— 
(B.W.R.A. Serial No. 68). 

The method of examination in these tests was to 
section the test weld longitudinally on its centre line, 
to reveal the heat-affected zone. After local electrolytic 
polishing and etching the section was examined for 


Table I 


Heat-affected zone cooling rates for the Mark III wedge shape 
welded automatically 





Cooling Rate at 300°C. (°C/S) at 
Test Condition Thermocouple Position 
a b c d e 5 g @ 
Mark III (11-5°) wedge 
Energy input rate 
34kJ/in. 28:3 21-2 18 17-7 13-2 7-9 6-1 6-2 


100 120 
TIME, sec 
such a relationship has been hindered by the inability 
to deposit weld metal of any desired hydrogen content 
over the range from 2 ml to 30 ml per 100 g of de- 
posited metal. Attempts have been made therefore to 


fill the gaps in this range which are not covered by 
normal welding electrodes. 


Table II 
Analysis of B.W.R.A. Steel AB 





C,% Si,% Mn, % S,% P,% Ni, % Cr, % Mo, % 
0-13 0-28 0-85 0-013 0-011 1:00 0-92 0-40 





Table III 


Comparison of critical cooling rates under wedge and standard 
C.T.S. test condition 





Standard 1h in. 1 in. 1 in. 
C.T.S. Wedge+ Wedge+ Wedge+- 
Test 8s.w.g. 85.w.g. 10 s.w.g. 
Critical Cooling 
Rate, °C./sec 4°53 12-3 14-5 23°6 
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Table IV 
Variability of cooling rate in the wedge test at a point 2-3 in. from the thick end 





Test No. 50 52 54 
Cooling Rate at 300°C., °C./sec 20-3 19-7 


56 58 60 62 64 66 68 
21-4 


20-3 22:8 20°6 15-4T 19-6 21:4 





* record useless due to recorder fault 


The argon gas shielded consumable electrode weld- 
ing process has been investigated with a view to 
p oviding a continuously variable range of hydrogen 
i: weld metal. Using an argon-shielded mild steel 
v.re electrode, additions of hydrogen gas have 
b en made to the argon. In all cases investigated 
ti s led to unstable arc conditions, which in many 
c ses resulted in severe porosity due to turbulent 
c nditions in the shielding gas. Water vapour has also 
t. en added to argon shielding gas, by bubbling the gas 
t' rough a water container, to a relative humidity of 
9 %%. Weld metal deposited by this method has been 
s. und and has contained up to 8 ml hydrogen per 
| ) g deposited metal. The lower limit obtainable by 
t! s method is 2 ml per 100 g and the relationship 
b tween the relative humidity and hydrogen content of 
t_ > weld metal is shown in Fig. 5. The possibility of 
© taining higher hydrogen contents by bubbling the 
a zon through liquids of higher potential hydrogen 
c ntent has been investigated. Samples of weld metal 
wre deposited under argon shielding gas saturated in 
acetic acid and ethyl alcohol in turn. Table V shows 
the hydrogen contents obtained under these con- 
di:ions. Sampling of flux-covered electrodes has shown 
that hydrogen levels from 2 to 10 ml per 100 g can be 
obtained from a typical class E6-electrode (B.W.R.A. 
Serial No. 122) and from 20 to 30 ml per 100 g from a 
typical class E3-electrode (B.W.R.A. Serial No. 68) 
according to the drying treatment given to these 
electrodes. Special class E3-electrodes of the same 
manufacture as above have been prepared with less 
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x Welding energy input 34 kJ/in. 
© Welding energy input 41 kJ/in. 
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5. _Diffusible hydrogen content as function of relative humidity 


+ Transformation kink on cooling curve at 300°C. 


than the normal amount of flux coating on the same 
gauge wire. Sampling of these electrodes has shown a 
weld metal hydrogen content of as low as 13 ml per 
100 g after drying at a suitable temperature. Tables VI 
and VII detail the diffusible hydrogen contents ob- 
tained from these various electrodes under different 
conditions. 


Continuous Cooling Transformation 
Characteristics - 


The C.C.T. characteristics of the steels used in this 
work have been determined by means of the B.W.R.A. 
rapid response dilatometer. In this instrument, changes 
in length of a hollow cylindrical specimen, which are 
related to transformation, are converted to an 
electrical signal which is fed into an X-Y function 
plotter. The other function plotted is temperature and 
this is supplied by a thermocouple with wires flash- 
welded to the inside of the specimen. A record is thus 
obtained of dilatation versus temperature. The hollow 
cylindrical specimen is subjected to a simulated weld 
thermal cycle. The rapid heating necessary is provided 
by a high-frequency induction unit, and cooling from 
the peak temperature is controlled by passing over the 
specimen a predetermined volume of argon gas stored 
for the purpose in tanks at a definite initial pressure. 
The cooling cycle can be altered by using different 
volumes of gas or different initial pressures, and by the 
use of metering jets in the pipeline between the storage 
tanks and the specimen. A record of this thermal 
cycle is made on the same chart as the dilatation/ 


Table V 


Hydrogen contents from argon saturated with organic vapours 





Sample Diffusible 
No. Hydrogen Shield 


H49/1 9-5 Argon 

H49/2 8-6 + 

H49/3 8-3 Ethyl 
Alcohol 


Sample Diffusible 
No. Hydrogen 

HS50/1 9-8 

H50/2 9-8 


Shield 
Argon 


Acetic 
Acid 





Table VI 


Effect of drying treatment on the hydrogen contents from 
E3-Electrode (No. 68) 





Diffusible 
Hydrogen, 
ml/100 g 
29-6 
36°8 
18-8 
28-2 
21-7 
18-9 


Sample 
No. Drying Conditions 
Temperature, °C. Time, hr 
HS1/1 
HS51/2 
H51/3 
H51/4 
HS51/5 
HS51/6 
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Table VII 
Weld metal hydrogen contents using covered electrodes 





Diffusible 
Hydrogen, 
ml/100 g 
27°6 
19-4 
21-7 
20-8 
19-6 
22:1 
21-1 

E3—Serial No. Dried at 500°C. for 15-7 

68(50) 2 hr 13-5 
50° Normal Coat- 14-0 

ing Weight 12-7 
11-6 
12-9 
15-0 
14-4 
12-0 
12-5 
10-0 


Sample 
No. 
H54/1 
H54/2 
H57/1 


Electrode Treatment 


E3—Serial No. 68 Dried at 500°C. for 
Normal Coating 2 hr 
Weight 


E6—Serial No. 122 Dried at 150°C. for 
30-35 min 





temperature record by means of a pen driven at 
constant speed at right angles to the temperature 
function. 

The transformation diagrams obtained from these 
tests are shown in Figs. 6-15. Two diagrams are 
presented for each steel, the difference being in the 
time function employed. Table VIII summarizes the 
ranges of temperature over which martensite* is 
formed and compares these with the values for M, 
calculated from Steven and Haynes. 

M,=561°—(474 x %C+33 x %Mn+17x %Ni+17x %Cr 

+21 x %Mo)°C. 


Summary of Experimental Work (Wedge Testing) 


The steels obtained for investigation with a view to 
relating heat-affected zone cracking tendency to 
transformation temperatures were generally of higher 


Table VIII 
Comparison of calculated M, and experimental data on martensit 
formation 





Steel 
No. 


M,z M: 


Mso 
Experimental, °C. 


Ms 
Calculated, 
“Se 


394 
324 
344 
270 
302 
365 
334 
339 
361 
301 


380-330 
285-310 
310-330 
260-285 


320-300 
245-265 
265-280 
215-230 
235-255 
270-320 
255-295 
275-310 
300-320 


270-310 230-255 





carbon content than hitherto considered. These steel: , 
which are listed together with their analyses i1 
Table IX, were obtained in lengths of section 4 ir. 
wide by 14 in. thick. 

The wedge blocks were cut to shape by sawin;. 
Tests were made on these steels, using the iner'- 
gas shielded metal-arc welding process to provide: 
weld meta] containing 8 ml of hydrogen per 100 z 
deposited metal. Subsequent tests were made using 
class E3-flux-covered electrodes (B.W.R.A. Serial 
Nos. 68 and 68(50) ) which provided 20 ml and 13 nil 
of hydrogen per 100 g deposited metal respectively. 
The electrodes were deposited manually at the stand- 
ard rate at a fixed travel speed. One insert thermo- 
couple was usually included to provide additional 
thermal information, which is plotted in Fig. 16 as the 
time to cool from 870° to 300°C. against position on 
the wedge as defined by the thickness. This provides 
the necessary link between the critical cracking 
position (as determined by microscopic examination 
of the wedge test section), and the transformation 
temperatures relevant to this position. 

In all of the wedge tests made using only 8 ml of 
hydrogen per 100 g cracking failed to occur. In those 
made with 20 ml and 13 ml cracking did occur and a 





* Judged by horizontal portion on continuous cooling trans- 
formation diagram. 


Table IX 
Comparisons for effects of various elements 





Steel No. 
8776 


Cast No. 


24/3904 
BX103 
Z966 
24/3904 
BX103 
Z1036 
Z1036 
V4031 
K6922 
24/3904 
Z1037 
$3861 
K7275 
BX103 
A1928 
24/3904 
WS5017 


Comparison 
Effect of C 


Effect of Mn 
Effect of Mo 


Effect of Cr (Deduce effect 
of Mo from above) 


UD~AIN ®O~IAMNN DUNC 
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6—Continuous cooling transformation diagrams for Steel 8776 








| Type: C-Ma Ref: Ene8o 


emp. (mox.) : 1325 cent. 
Gas : Argon 


Transformation 700 
end 








——} 600Fe 





500+ 





400 


TEMPERATURE ,°C 


























_ 
2h 


hs Esai 3s} 


2 


a 
9 


——_] 





























02 03 O-4 05 IWS 


4 6040 20 10 6 4 3 








TIME TO COOL FROM 870°C, sec S=TIME TO COOL FROM 870-300°C, sec 


7—Continuous cooling transformation diagrams for Stee! Fn8D 
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8—Continuous cooling transformation diagrams for Steel En15 
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9—Continuous cooling transformation diagrams for Steel En43A 
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10—Continuous cooling transformation diagrams for Steel En12B 
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11—Continuous cooling transformation diagrams for Steel En18A 
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12—Continuous cooling transformation diagrams for Steel En16W 
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13—Continuous cooling transformation diagrams for Steel En20B 
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14—Continuous cooling transformation diagrams for Steel En29B 
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summary of the information obtained from these tests 
is provided in Tables X and XI respectively. The 
tables give the critical cracking data for the steels and 
compare these with the transformation temperatures 
corresponding to the finish of heat-affected zone 
cracking. 


Discussion of Results 


From a consideration of the wedge test results 
obtained during the development of the wedge as a 
cracking test, it was soon apparent that the geometry 
of the weld bead and its associated heat-affected zone 
was important in determining the critical cooling 
conditions for cracking. As can be seen from Table III, 
differences in the geometry of the wedge block itself 
make little difference to the critical cooling results. 
However, a change in weld bead size affects the result, 
the indication being that with smaller beads the 
critical cooling rate is raised. The difference between 
bead-on-wedge and fillet welding conditions as 
experienced in the C.T.S. test is clearly indicated, the 
fillet type of weld being more severe and resulting in a 
lower critical cooling rate. The difference between 
these two tests shows that the wedge test cannot be 
substituted for the C.T.S. test, but can be used 
for a comparative determination of critical cooling 
conditions for a series of steels. 

The attempt to obtain a continuously variable 
range of hydrogen contents from the argon gas- 
shielded welding process was successful, but did not 
cover as large a range as was hoped. The use of 
organic liquid vapours has extended the range only 


slightly. The gap in the range between weld metals 
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‘ 
deposited under gas shields and weld metals deposited 
from normal class E3-electrodes has been almosi 
filled by suitable drying treatment of special class 
E3-electrodes, the minimum level achieved by this 
method so far being 13 ml per 100 g. 


Table X 
Correlation of critical cracking with transformation data (nominal hydrogen level=20 ml/100 g) 





Weld Metal Cracking 


Steel No. Start Finish Start 


En Time to cool from 870°C. to 300°C., sec 


13-0 
13-8 
11-8 
12-7 
16:5 
15-0 
14-8 
14-3 
13-2 


8D nil nil 
15 nil nil 
43A 11-4 13-4 
12B 12-4 19-7 
18A nil nil 
16(W) nil nil 
20B 13-3 15-5 
29B 13-5 17-8 
27 9-8 13-2 


H.A.Z. Cracking 


C.C.T. Temperatures for Finish of 
H.A.Z. Cracking, °C. 
50% Finish 

265 127 

282 

227 

258 

307 

286 

298 

310 

252 


Finish 

Start 
307 
330 
282 
312 
343 
325 
342 
354 
308 


20-3 
20-4 
21-8 
23-4 
19-4 
20-3 
26-0 
22:7 
19° 





Table XI 
Correlation of critical cracking with transformation data (nominal hydrogen level= 13 ml/100 g) 





Weld Metal Cracking 


Steel No. Start Finish Start 


En Time to cool from 870°C. to 300°C., sec 


13-7 nil 
15:8 


8D 13-7 
15 nil nil 
43A nil nil 13-3 
12B 15-3 16-2 18-3 
18A nil nil nil 
16(W) nil nil 14-6 
20B 13-2 14-9 nil 
29B 14-8 14-8 21-8 
27 14-3 18-2 20-1 


H.A.Z. Cracking 


C.C.T. Temperatures for Finish of 
H.A.Z. Cracking, °C. 
Start 50% Finish 


Finish 


nil 
18-2 
19-4 
20-7 

nil 
17-5 

nil 
21-8 
20-1 


280 
26 
258 
285 
308 
252 


327 
281 
312 
324 
353 
308 








WATKINSON: WELDING MEDIUM-CARBON STEELS 


The rapid response dilatometer equipment has 
supplied reproducible information from which con- 
tinuous cooling transformation diagrams have been 
constructed for the steels used and it will be seen that 
most of the steels chosen transform in fact almost 
entirely to martensite over the major part of the cool- 
ing range covered by the diagrams. Indeed, over the 
range of cooling conditions found in the wedge test, 
according to the transformation diagrams, all but one 
of the steels transform to martensite. This feature 
distinguishes these steels from those used in previous 
work where the transformation temperatures varied 
with cooling rate. 

Table VIII shows good agreement between the 
calculated value of M, and its value determined 
dilatometrically. 

Tables X and XI, which contain the results of the 
wedge tests on the selected steels, provide the data for 
a comparison of cracking severity with transformation 
temperatures. The severity of cracking is indicated by 
the position along the wedge at which heat-affected 
zone cracking ends. It can be seen that there is little 
correlation between the severity of cracking and any of 
the transformation criteria listed; i.e., start, 50%, or 
finish. These results might be criticized on the grounds 
that weld-metal cracking has also taken place which 
could upset the heat-affected zone cracking result by 
causing a re-distribution of stress and/or hydrogen 
content. More careful examination of these tables 
shows, however, that in no case does weld metal 
cracking occur close to the finish of heat-affected zone 
cracking and hence little if any effect on heat-affected 
zone cracking can be attributed to weld metal crack- 
ing. In Table XI the result for steel En8D shows the 
presence of weld metal cracking but no heat-affected 
zone cracking. In this case the absence of heat-affected 
zone cracking can hardly be attributed to weld metal 
cracking since the latter was a single fissure. 

Failure to demonstrate the relationship between 
cracking severity and transformation temperature for 
this range of steels does not in any way affect the value 
of the relationship established for the limited range of 
lower-carbon Mn-—Ni-Cr—Mo steels considered in 
earlier work.! The results indicate a tendency to more 
severe cracking in those steels with lower trans- 
formation temperatures, but the lack of direct 
correlation suggests that the transformation tempera- 
ture, as such, is of secondary importance where the 
transformation product is martensite. In lower- 
carbon steels the transformation temperature is of 
importance because this factor is more or less directly 
indicative of the type of transformation product. 
Transformation studies on these earlier low-carbon 
steels show that the transformation products are a 
mixture of intermediate transformation products, such 
as bainite, with martensite. Thus the transformation 
temperature determines the proportion of these two 
constituents and it seems reasonable that, the greater 
the proportion of martensite in the structure, the 
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higher will be the stresses due to transformation, with 
an associated increase in tendency to cracking. 


Future Work 


The lack of success in obtaining correlation between 
transformation temperatures and cracking results 
leads naturally to a careful consideration of the micro- 
structures associated with cracking in different steels. 
In particular the differences between low and medium 
carbon steels of different alloy contents require con- 
sideration. Apart from a study of those structures 
which are expected to show differences in, for instance, 
the type of intermediate transformation product, it is 
also desirable to consider those structures hitherto 
thought to be the same, in which recent evidence has 
shown startling differences when examined with 
sufficiently high resolution techniques. 

A more fundamental investigation of the effects of 
different alloying elements on~the transformation 
characteristics of steels is planned. A programme in- 
volving the study of vacuum melted steel-like iron 
alloys, using the B.W.R.A. rapid response dilatometer 
will consider the effect on transformation tempera- 
tures, volume changes, and microstructures of addi- 
tions of carbon, silicon, manganese, nickel, and 
chromium to iron. 

While the results of wedge tests on the steels in this 
report are accepted, it is proposed also to apply the 
C.T.S. test. This is to be carried out to establish that 
the only significant difference between the two tests is 
one of severity, in which case the results obtained 
should be of the same order but achieved at a lower 
hydrogen level. Included in this part of the future 
programme will be some special high-silicon steels 
developed by Kenneford® which have low transforma- 
tion volume changes and consequently low transforma- 
tion stresses. 

An outstanding problem in this work is the mode of 
initiation and propagation of cracking. Some very 
interesting work in this connection has just been 
reported by Hewitt of the United Steel Companies 
Ltd.* in which it is suggested that the effect of hydrogen 
on the initiation and propagation of cracking is 
markedly dependent on temperature. This work is to 
be followed up by consideration of the effects of alloy 
content on this mode of initiation. 
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News of the Institute and Branches 


B.W.R.A. 
and Industry 


MEETINGS 
Spring Meeting 1961 


The Spring Meeting of 1961 will open, 
not as announced on Monday 24th April, 
but on the following day, Tuesday, 25th 
April 1961, when Dr. N. P. Inglis will 
deliver the Annual Lecture at the Insti- 
tute at 6.30 for 7 p.m. His subject will 
be “‘Welding in the Non-Ferrous Metals 
Field”’. 

The lecture will be followed by a 
reception ending at 9 p.m. 

On the three following mornings there 
will be discussion meetings at the Insti- 
tute beginning at 9.30 a.m. 

On the Wednesday afternoon there 
will be a visit to the all-welded Maiden- 
head Bridge, and on the Thursday the 
Joint London Branches Dinner will be 
held at Quaglino’s Restaurant. 

Friday 28th April is the day for the 
official visit for members of the Insti- 
tute to the Engineering, Marine, Weld- 
ing, and Nuclear Energy Exhibition. 


Utrecht 


Members of the Institute are invited 
to apply to the Secretary for the pro- 
gramme and enrolment form for the 
Joint Meeting with the Netherlands 
Welding Society at Utrecht from 31st 
May to 2nd June 1961. 

The programme will include the pres- 
entation and discussion of a number of 
papers on design and construction in 
aluminium, a visit to the welding exhi- 
bition organized by the Netherlands 
Institute and a choice of works visits, 
as well as a number of social engage- 
ments. 


The final date for receipt of enrolments 
is 15th April and members are asked to 
accept this as the only notification. 


Welding in Shipbuilding 
The Autumn Meeting of the Institute 
this year is taking the form of a Joint 


Other Societies 


INSTITUTE ACTIVITIES 


Symposium on Welding in Shipbuilding, 
sponsored by the Royal Institution of 
Naval Architects, the Institute of Marine 
Engineers, the Institution of Engineers 
and Shipbuilders in Scotland, and the 
North East Coast Institution of Engin- 
eers and Shipbuilders. 

More than thirty papers dealing with 
problems of design, construction, and 
quality control have already been pro- 
mised and include contributions from 
Denmark, France, Italy, Japah, the 
Netherlands, Poland,Sweden, and U.S.A. 
It is already clear that the programme 
will involve eight technical sessions 
spread over four days, and effectively 
that with social engagements it will fill 
the week 30th October to 3rd November 
1961. 

All papers will be preprinted and the 
Proceedings, including a report of the 
discussions, will be printed in 1962. 

The provisional programme will be 
distributed through the co-operating 
institutions at the beginning of June, 
and the final programme and enrolment 
form will go out at the beginning of 
September. 


Spring Meeting 1962 
Welding for Power Generation 


The theme of the Spring Meeting of 
1962 which is to be held at Buxton from 
Ist to 3rd May, will be Welding for 
Power Generation. The following are 
examples of subjects on which it is hoped 
that papers will be offered, and members 
who would be willing to contribute 
papers on these or other subjects within 
the main theme are invited to send par- 
ticulars to the Secretary before the end 
of March 1961. 

Welding of boiler plant, headers, 

superheaters, etc., including nuclear 

heat exchangers 

Welding of turbine and ancillary 

plant, including water turbines, cylin- 

der casings, steam chests, valves, 
pumps, etc. 

Pipework 





































































































Reactor pressure circuits includi: g 
the pressure vessel, ducting, bello: 's 
units, etc. 

Welding of rotors and shafts in turb >- 
alternators, water wheel alternato:s, 
etc. 

Construction of tanks for transform- 
ers and switchgear 

Welding of feed heaters and condens- 
ing plant 

Welding of thick plate and sections 
Suitability of new welding techniques 
and processes for power plant 
Training of welders for Class I 
vessels 

Inspection of welded plant by non- 
destructive methods 

Welding in the fabrication of fuel 
elements including uranium, beryl- 
lium, zirconium, niobium, etc. 
Welding in the repair and mainten- 
ance of power stations. 


PUBLICATIONS 
“International Welding” 


Included with this issue of the Journal 
is the first quarterly supplement con- 
taining a selection from the documents 
issued for publication by the Inter- 
national Institute of Welding. These 
supplements will be reprinted and 
offered for subscription at 22s 6d a year 
(including postage) for the four issues, 
or 17s 6d a year to members of the 
Institute and other member societies of 
the International Institute of Welding. 

The Institute often receives requests 
for copies of I.1.W. documents and has 
hitherto had to obtain these from Paris 
in duplicated form. It is therefore 
proposed to supply single copies of 
“International Welding’, which is the 
name given to the supplement, at 5s 0 
members of the Institute and oth r 
member societies of I.I.W., and to off-vr 
special reductions for bulk orders of a 
single issue which are placed at lea:t 
two months before publication date. 

The contents of the next supplemer (, 
to be published on Ist July, will be: 





July 1961: 

Reports of Commissions VIII—-XIV. 
Current Sources (Comm. XII) 

Pre sure Vessel Brittle Fracture (Comm. 


x} 


‘Radiographic Apparatus 
and Techniques” 


e Institute has just published, on 
if of the International Institute of 
ing, its “Handbook on Radio- 
1ic Apparatus and Techniques”’, 
>, text with illustrations, price 16s, 
sive of postage. Orders should be 
sssed to the Secretary of the Insti- 


NEWS OF MEMBERS 


\-. J. D. Riddle, formerly manager 
of ' e Turbine Factory at the Rugby 
Wo <s of Associated Electrical Indus- 
trie: Ltd., has been appointed Manager 
of . new Large Machine and Com- 
pres or Department at Rugby. 

} adland Gauges Ltd. announce the 

app intment to their Board of Directors 
of } .r. J. H. Thornton and Mr. P. H. 
Var Klaveren. Headland Gauges Ltd. 
is t e newly formed member of the 
Hea ‘land Group which is specializing 
in t e manufacture of gauges, jigs and 
fixti -es. 
N -. H. Martin, Home Sales Manager 
of Murex Welding Processes Ltd., 
Wa! ham Cross, Herts., retired in 
Dec. mber 1960 on reaching retiring age 
after 38 years’ service in the Company. 

Mr. A. F. Gifford, who has recently 
beer: transferred to Associate Member- 
ship. has been appointed Welding 
Engineer at International Combustion 
Ltd.. Derby, in succession to Mr. E. J. 
Keeie. 

Mr. F. G. Hughes has been appointed 
Southern Sales Manager in the London 
Office of Robert Dempster & Sons Ltd. 
(Elland), at 57 Tufton Street, S.W.1. 
The appointment took effect from 2nd 
January 1961. 

Mr. A. J. Francis, President of the 
South Western Branch, was elected an 
Honorary Member of the Institute in 
June 1957. The Secretary very much 
regrets that Mr. Francis’s name was by 
mistake omitted from the list of hon- 
orary members in the printed List of 
Members recently issued. 


Obituary 


The Council records with regret the 
deaths of the following members: 

Mr. J. S. Murray (West of Scotland, 
Assoc. Member 1940). 

Mr. C. F. Jones (Wolverhampton, 
Assoc. Member 1938). 

Nr. A. F. Newton, on 29th December 


196) (North Landon, Assoc. Member, 
195°), 


NEWS AND ANNOUNCEMENTS 


Mr. G. H. Oldfield, on 25th December 
1960 (Sheffield, Member, 1942). 

Mr. F. Parr, on 14th January 1961 
(Manchester, Assoc. Member, 1943). 


SCHOOL OF WELDING 
TECHNOLOGY 


The following is a list of courses to be 
offered in the School of Welding Tech- 
nology during May: 

Ist-4th May; D.37—Advanced Ultra- 
sonic Inspection 

15th-19th May; D.8/3—Welded Struc- 
tures 

29th-31st May; D.33—Co, Arc Weld- 
ing 


BRANCH NEWS 


At the November meeting of the 
Branch, held in Derby on Tuesday, 15th, 
Mr. R. J. Wright presented a paper on 
“Transportation Pipelines”. 

The speaker opened his talk by saying 
that in an industry which is progressing 
so quickly it was difficult to choose a 
subject of general interest, yet sufficiently 
controversial to initiate the post-lecture 
discussions which, in his belief, enabled 
the most knowledge to be gained from 
any meeting of this kind. 

Transportation costs are one of the 
major problems facing industry as a 
whole. This was particularly true in the 
petroleum, petro-chemical and gas- 
producing industries and pipelines could 
mean lower transportation costs. 

Mr. Wright gave a brief history of the 
pipeline as a means of transporting 
liquids and gases, from the bamboo type 
used as much as 7,000 years ago by the 
Chinese to the present-day type. 

In the United Kingdom the arc weld- 
ing of pipelines was somewhat slower in 
developing than in the United States, 
because most commodities adaptable 
for transportation by pipeline could 
easily be moved by road tankers. 

It was the great success of welding 
during the war, on such projects as 
Pluto, which, coupled with the imme- 
diate post-war expansion of the British 
petroleum and petro-chemical industries 
and the desire of the area gas boards up 
and down the country to increase the 
pressure passing through their mains, 
that really brought about the progress of 
welded construction in the United King- 
dom to its present level of importance. 
Such progress depended entirely upon 
the welding engineer, who was ultimately 
responsible for training the welders to 
the high standard of efficiency required, 
and the skill of the operator in the field. 

With the increase in use of pipelines, 
contractors looked for speedier welding 
means with reduced costs of pipeline 
construction. The way was now opened 
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for the introduction of the American 
procedure of ‘stovepipe welding’. 

The speaker described the procedure 
and technique of stovepipe welding, 
stage by stage, illustrating this with 
slides. Stovepipe welding in Britain was 
successfully adopted due in considerable 
part to the patience and tolerance of the 
oil and gas industries and also of the 
contractors in the early stages. Stovepipe 
welding has since become the standard 
method of the major pipeline contrac- 
tors in fabricating the many miles of 
pipelines which now extend throughout 
Great Britain and form such an import- 
ant part of the gas and petroleum dis- 
tribution system today. 

A very interesting film called ‘‘Win- 
frith Pipeline” was shown, which showed 
the modern application of pipeline 
welding and construction techniques. 

In the discussion that followed a large 
variety of questions were put to the 
lecturer, who dealt with them very care- 
fully and capably. Comparisons were 
made between the British and American 
welders and British and American elec- 
trodes. The lecturer also explained why 
the standard of welding could vary. 

In proposing a vote of thanks Mr. 
Haimes thanked Mr. Wright for the 
excellent paper and films that had been 
shown. 


The Leeds and District Branch 
Annual General Meeting will be held 
on J8th April 196] and not on IIth 
April, as previously announced. 


H.S-C 


Annual General Meeting 


Annual Dinner 


The Annual Dinner of the Branch 
was held at the Hotel Metropole, Leeds, 
on Thursday, 8th December last. Mr. A. 
Robert Jenkins, J.P., Past President of 
the Institute responded to the toast of 
“The Institute of Welding”, proposed by 
Alderman Sydney Hand, Deputy Lord 
Mayor of the City of Leeds. The toast 
of “‘The Guests” was proposed by Mr. 
H. T. Richardson, Leeds Branch Vice- 
Chairman and the response was made 
by the Reverend R. H. Talbot, Vicar of 
St. Edmunds. Among a large gathering 
of members and guests were Mr. G. A. 
Aldred, President of the Leeds Associa- 
tion of Engineers, Mr. J. Pidduck, 
Leeds College of Technology, Mr. S. B. 
Rippon, J.P., Chairman of the Sheffield 
Branch of the Institute and Mr. S. 
Stansfield, Managing Director of Oxley 
Engineering Co. Ltd. It was a most 
enjoyable evening. 


On 7th December 1960, Mr. J. A. 
Lucey lectured to the Branch on 
“Automatic Welding’. The paper dealt 


Automatic Welding 
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principally with four developments in 
automatic and semi-automatic arc weld- 
ing which have been introduced into 
Great Britain within the last five years: 


(i) Fusare/CO, welding in which a 

continuous covered electrode is 
shielded by CO, gas. This is a 
British invention which has greatly 
extended the scope of automatic 
visible arc welding, particularly for 
horizontal/vertical fillet welding 
applications. 
Multiple electrode submerged-arc 
welding—three different systems of 
this and their particular advantages 
were outlined: 

(a) Parallel electrode welding in 
which two electrodes are fed on a 
single welding head and give 
approximately 50% speed increase. 

(b) Multi-power tandem welding 
in which two welding heads and 
two separate power sources are 
used to give an increase in welding 
speed, two to two-and-a-half times 
faster than single electrode welding. 

(c) Series arc welding which is a 
technique for cladding and surfac- 
ing in which two welding heads are 
employed and a single welding 
power source is connected across 
the two heads. Deposition rate per 
ampere is double compared with 
single electrode welding and dilu- 
tion with the parent plate can be 
controlled to as low a figure as 10%. 
Electro-slag welding. This process 


has been developed from the sub- - 


merged-arc process in the U.S.S.R. 
and is now beginning to be used in 
Britain for heavy plate fabrication. 
Semi-automatic welding with CO, 
shielding. The introduction of pro- 
cesses using a combined gas/flux 
shield, together with advance in 
power source design permitting the 
use of lower welding currents, have 
greatly extended the scope of semi- 
automatic welding of mild and low 
alloy steels. 


Pipelines 

On Wednesday evening, 14th Decem- 
ber 1960, with Mr. C. A. Burton in the 
Chair, the North and South London 
Branches were privileged to hear a 
paper “‘Welding of transportation pipe- 
lines”, presented by Messrs. Page and 
Richardson, in the absence of the 
author, Mr. R. J. Wright. Before dealing 
with welded pipelines, the subject of the 
paper, Mr. Page outlined the history of 
transportation by pipes, from bamboo 
to metallic pipes and finally to welded 
transportation pipes. 

A thorough review was given of pipe- 
line weldments from welder’s qualifica- 
tions to final acceptance tests on welded 
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joints. A film augmented the viva voce 
exposition. The meeting was well 
attended. A vote of thanks was accorded 
the speakers for their interesting and 
thoroughly practical contribution to the 
furtherance of welding technology. 


H.B.M. 
Sheffield 


Annual Dinner 


There was a record attendance of over 
250 members and guests, including 
many of the leaders of Sheffield industry, 
at the Annual Dinner of the Sheffield 
and District Branch at the Royal 
Victoria Hotel on 9th January. 

Mr. Robert Jenkins, J.P., President of 
the Branch, was Chairman, and the 
principal guest was the Master Cutler, 
Mr. C. H. T. Williams, J.P., who pro- 
posed the toast of “The Institute of 
Welding and the Sheffield Branch” in a 
speech which stressed the rapid develop- 
ment of welding technology and the 
importance of the Institute’s educational 
work. 

In the absence of the President, Mr. 
E. Fuchs, who was prevented from 
attending by indisposition, the e- 
tary of the Institute, Mr. G. Parsloe, 
responded to the toast. He reviewed the 
progress of the Institute over the past 
eighteen years and spoke of the decision 
to establish a postgraduate course in 
welding technology at the College of 
Aeronautics, Cranfield, as a major 
break-through on the educational front. 
He urged all those who represented 
industry, whether as users of welding or 
as suppliers, to make sure that the 
course was properly supported by men 
from their own staff. 

In response to the toast of “The 
Guests”, which was proposed by the 
Branch Chairman, Mr. S. B. Rippon, 
J.P., Dr. R. Weck, Director of the 
British Welding Research Association, 
reinforced the Secretary’s plea for in- 
dustrial support for the new course in an 
emphatic speech which stressed in- 
dustry’s need for men with a thorough 
knowledge and understanding of the 
welding processes and their applications. 


Yel idaMm Melilelela 


Low Alloy Steel Welds 


For the first meeting of the New Year 
on 11th January, Dr. W. E. Freeth of 
G. A. Harvey & Co. Ltd. gave a most 
interesting talk on the fundamental 
principles involved in welding low alloy 
steels. Some 38 members were present 
and in introducing the speaker, the 
Chairman, Mr. J. Hinde, welcomed 
members and visitors to the first session 
of 1961. Dr. Freeth examined first of all 
the principles of making sound welds in 


mild steel and in doing so he stressed 
the advances in welding technology ‘hat 
had enabled us to control more caref lly 
the composition and consistency of the 
welding consumer goods. He noted ° iat 
excess carbon content is still the n ain 
cause of cracking in mild steel and |is- 
cussed the influence of sulphur nd 
phosphorus. 

Moving on to the low alloy steel: 
showed how certain elements vere 
beneficial in increasing strength nd 
weldability but at greater expense. He 
differentiated between the crack ing 
tendencies of the weld and heat affe: ted 
zone and suggested the influential -le- 
ments in cases of hot and cold crack ag, 

During the discussion, contribu ors 
referred to the welding of Cr—Mo -V 
steels and the stressing of welds. 

After a very thorough handling of his 
subject Dr. Freeth was rewarded \ ith 
much applause from his audience. 


N.T.E. 
South Western 


Welding Forum 


The welding Forum, now firmly 
established as a popular annual event, 
was held on Sth December at Radiant 
House, Bristol. 

The Panel, which was under the 
chairmanship of Mr. T. M. B. Sessions 
(Messrs. Fielding & Platt Ltd.) consisted 
of Dr. C. L. M. Cottrell (Bristol Aerojet 
Ltd.), Dr. W. E. Freeth (G. A. Harvey & 
Co. (London) Ltd.), Mr. L. B. Smith 
(British Oxygen Co. Ltd.) and Mr. E. M. 
Wilson (Bristol Aerojet Ltd.). 

Dr. Cottrell kindly agreed at short 
notice to be seconded to the panel by 
the chairman in the absence of Mr. G. 
Foster (Stothert & Pitt Ltd.), who un- 
fortunately was beset with flood preb- 
lems, his works at the time being under 
approximately 5 ft of water. 

A variety of questions was dealt with, 
commencing with the effect of the many 
automatic welding processes on the skill 
of the welding operator, the Panel’s 
opinion being that a different type of 
skill was needed here which should be 
acknowledged by a certified grade of 
operator for automatic welding. The 
joining of cast iron to mild steel was 
discussed, as were electrodes for welding 
cast steel and also the correct applica- 
tion of low-hydrogen and iron powder 
electrodes. 

Methods of weld inspection and 
standards to work to were dealt with 
comprehensively. On the light-alloy side, 
for example, it was pointed out that 
BS.1600, Pt.3, at present in the course 
of preparation, would give a valuable 
and much needed guide in the manu- 
facture by welding of aluminium a'loy 
pressure vessels. The types and causes of 
weld defects in aluminium alloy welds 
were shown and examples were give. 
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The difficulties to be encountered in 
the use of the ultrasonic method of in- 
spection for steel welds was dealt with, 
and the Panel felt that, now develop- 
ments were taking place to enable an 
imaze to be viewed directly on a screen, 
this method of inspection might find 
grec‘er application in the welding in- 
dus sy than hitherto. 

T xe question of when or when not to 
pre; are edges, with particular reference 
to v 2b plate girders, was also discussed 
and it was agreed that the least edge 
pre; aration possible with the maximum 
use of automatic welding would give the 
best results. 
vote of thanks was given by Mr. 
T.! Erickson (Rockweld Ltd.), and in 
rep| the Chairman, Mr. Sessions, 
thar <ed the members of the audience 
for ie variety and flow of questions put 
tot e Panel. 


w t of Scotland 


Elec ro-Slag Welding 


A General Meeting of the Branch was 
held on Wednesday, 21st December 
196 at 7 p.m., in the Institution of 
Eng 1eers and Shipbuilders in Scotland, 
Glas zow C.3, and was attended by 63 
men bers and visitors. 

A paper entitled “Electro-slag weld- 
ing” was presented by Mr. A. M. 
Hor: field, A.I.M. 

In:roducing his subject with the aid 
of lantern illustrations the speaker next 
procceded to describe the process stage 
by siage through its development. 

Points of interest were the absence of 
‘arc-cnergy’ after the weld had been 
started, the important function of the 
slag in ensuring penetration, current 
densities and pressures, the effect of heat 
input On parent plate and weld, and 
methods of pre-heat, post heat, and 
stress relieving. The general physical 
analysis of the weld deposit, together 
with a comparison of the continental 
method of assessing the weld, were all 
discussed. Reference was also made to 
the minimum plate thickness suitable for 
this process. 

In the discussion which followed 
seven members took part, and had their 
questions answered to the satisfaction of 
the Meeting. 


Wolverhampton 


Metallurgy without tears 


A number of students were among 
those present at a lively and entertaining 
meeting on 7th December, and Mr. 
Fullw ood’s paper might well have been 
subtitied ‘‘Metallurgy without Tears’’. 
His 2'm was to introduce the science of 
metal'urgy, and particularly physical 


> 


E.M.W. 


~ 


H.H.M. 
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metallurgy in its fundamental form, and 
then to explain some well-known weld- 
ing phenomena such as hydrogen em- 
brittlement and brittle fracture in terms 
of lattice structure. 

Mr. Fullwood stated that when 
metals solidify they crystallize with 
random orientation and grain bound- 
aries into three alternative patterns: 


(i) Body centred cubic lattice; e.g. 
hard metals such as molybdenum, 
iron, tungsten. 

(ii) Face centred cubic lattice; e.g. low 
melting point malleable metals 
such as lead. 

(iii) Hexagonal lattice; e.g. hard, brit- 
tle metals such as titanium, man- 
ganese, zinc, copper. 


These contained respectively 2, 4 or 
6 atoms per unit cell, and by X-ray 
diffraction techniques introduced by Sir 
Lawrence Bragg it was possible to 
determine the spacing of these atoms in 
terms of Angstrém units (10-8 cm). 

As an example of the use of this tech- 
nique, Mr. Fullwood showed how it was 
possible to calculate the density of a 
material in terms of its atomic weight, 
Avogadro’s Number, and the lattice 
structure and its inter-atomic spacing. 
For example iron, having a _ body 
centred cubic lattice structure (with 2 
atoms per unit cell), an atomic weight of 
55-85 and an atomic spacing of 2°86 » 
10-8 has a density of: 


M__2x55-85 
V 6-023 x 10-23 
=7-9 g/cu.cm 


(2-86 x 10-§)8 


The temperature at which recrystal- 
lization takes place varies from metal to 
metal. Molybdenum has the second 
highest (870°C.) and hence its use in 
creep resisting applications. At the other 
end of the scale lead recrystallizes below 
room temperature, and it is therefore 
self-annealing—a fact which is made use 
of in shielding against atomic radiation 
since any radiation embrittlement is 
automatically annealed out. 

Mr. Fullwood concluded his paper by 
describing the mechanism by which the 
introduction of hydrogen into a melt of 
steel, such as when weld metal was 
solidifying, gives rise to discontinuities 
in the lattice structure which cause trans- 
granular brittleness. 

During the discussion a number of 
highly technical questions were asked by 
some of the metallurgists present, and it 
soon became obvious that the science of 
metallurgy was not quite as simple as 
Mr. Fullwood had lead his audience to 
believe. However, Mr. Fieldhouse ex- 
pressed the views of all those present in 
thanking a past Wulfrunian for an 
interesting and enjoyable talk. He looked 
forward to the publishing of Mr. Full- 
wood’s book and was sure that it would 
have a wide circulation. 

B.K.B. 
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INTERNATIONAL INSTITUTE 
OF WELDING 


1961 Annual Assembly 


A good attendance is expected at the 
first Annual Assembly of the Inter- 
national Institute of Welding to be held 
outside Europe, which opens in New 
York on 10th April and partially over- 
laps with the Spring Meeting of the 
American Welding Society there in the 
following week. 

Nearly every seat has been booked on 
the charter plane which is to carry mem- 
bers of the European delegations and 
will leave on 9th April from Paris and 
London. The United Kingdom delega- 
tion will be headed by Mr. Robert 
Jenkins, Dr. R. Weck, and Mr. G. 
Parsloe, the Secretary General of the 
International Institute. 

The programme will follow the 
usual pattern and will include a formal 
opening session, meetings of the Govern- 
ing and Executive Councils at the begin- 
ning and end of the Assembly, the 
Houdremont Lecture, and four days 
devoted to meetings of the fifteen 
Technical Committees and their Drafting 
Committees. There will not, this year, 
be any form of Public Session, because 
participants at the IIW Assembly have 
been invited to attend the Spring Meet- 
ing of the American Welding Society, 
which is to be held in conjunction with 
the IIW Assembly, from 17th to 21st 
April. 

The programme for the AWS Meeting 
and Welding Exposition will include the 
Adams Lecture by Mr. H. Granjon 
(France), two educational lectures by 
Professor Rykalin (USSR), and twenty- 
two technical sessions at which sixty-six 
papers will be presented and discussed. 
Among these papers will be nine by 
European members of the following 
Commissions of the ITW: I, Il, Ill, V, 
IX and X, XI, XII, XIII, XV. 

Provision has also been made for two 
all-day inspection trips including visits 
to four industrial plants and laboratories 
in the New York area and, on the invi- 
tation of the Canadian Council of the 
IIW, for an all-day trip by chartered 
aircraft to the Buffalo-Niagara Falls, 
which include visits to industrial plants. 
No provision has, this year, been made 
for post-Assembly industrial tours, but 
the American delegation has offered to 
assist delegates in planning additional 
industrial and scientific visits, should 
they so desire. 


CONFERENCES, COURSES and 
EXHIBITIONS 


Fracture of Metals 


A vacation course on the Fracture of 
Metals is to be held at Battersea College 
of Technology (Metallurgy Dept.) from 
llth to 14th April 1961. The fee is 
£10 10s Od inclusive of refreshments. 
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Enrolment forms may be obtained from 
the Secretary (Metallurgy Courses), 
Battersea College of Technology, Lon- 
don, S.W.11. 


Mechanics of Rupture 


A conference on the Mechanics of 
Rupture has been organized by the 
Stress Analysis Group of the Institute of 
Physics and the Physical Society. It will 
be held in the Department of Physics at 
Southampton University from 24th to 
27th April 1961. 

Full details can be obtained from 
L. Lawrence, Esq., Institute of Physics 
and the Physical Society, 47 Bedford 
Square, London, S.W.1. 


Electrical Engineers Exhibition 


The tenth A.S.E.E. Exhibition is being 
held at Earl’s Court, London, S.W.5 
from 2Ist to 25th March 1961. 


Engineering Exhibition 

The Engineering, Marine, Welding 
and Nuclear Energy Exhibition is being 
held again this year at Olympia, from 
20th April to 4th May. Many welding 
supply manufacturers will be displaying 
completely new ranges of equipment. 


NEWS FROM INDUSTRY 


Corrosion and welding engineering 

The services provided by Welding 
Supervision Ltd. and Cathodic Corros- 
ion Control Ltd. (wholly owned sub- 
sidiaries of Constructors John Brown 
Ltd.) have been amalgamated and will 
now be provided by a single company— 
Corrosion and Welding Engineering 
Ltd.—which started operation on Ist 
January 1961. 


BOC training college 

The British Oxygen Co. Ltd. has 
opened a staff training centre at Char- 
tridge Lodge, near Chesham, with 
Lt.-Col. T. O°G. Cochrane as Principal. 

Courses of 2-4 weeks will be residen- 
tial and will at first be organized for 
senior and middle levels of management. 
A wider field will be covered later and it 
is hoped to start courses for foremen 
and supervisors by the end of 1962. 


Pre-treatment of metals 


A fourth division—the Metal Indus- 
tries Division—has been initiated by 
Diversey (U.K.) Ltd. to handle a range 
of materials for the preparation of 
metals before further processing. These 
Aluminux compounds are used par- 
ticularly for the cleaning of aluminium 
and its alloys before resistance welding, 
anodizing or other surface treatments. 


Transport research laboratory 
The new Chiswick research laboratory 


of London Transport was officially in- 
augurated at the end of 1960. It has 
enabled the scientific staff of the research 
department to be brought together under 
one roof for the first time and it will be 
the centre for the scientific control and 
investigation of materials and equip- 
ment used throughout London Trans- 
port’s road and rail services. It also 
gives space for important new facilities 
and equipment as well as additional 
staff. 

The facilities include a cold chamber 
for low-temperature testing of materials, 
a specially-designed, screened room for 
radiographic work, heat-treatment furn- 
aces and welding equipment, a pilot 
plant laboratory, special recording 
equipment for strain gauge tests, and a 
fatigue testing machine for railway car 
axles. 

The availability of heat-treatment 
furnaces and welding equipment en- 
hances the value of advice given to the 
engineering departments on metallurg- 
ical problems by augmenting existing 
facilities for such investigations. 

The greatest expansion is in the 
facilities now available for research 
devoted to engineering problems. In 
recent years much work has been done 
in assisting the engineering departments 
in the investigation of problems— 
notably by the application of strain 
gauge techniques—and this side of the 
work has been greatly strengthened by 
the acquisition of further equipment. 
Equally important, provision has now 
been made for major engineering re- 
search to be carried out within the 
laboratory itself. 

In the first instance, attention will be 
concentrated on work with a machine 
for studying fatigue in railway axles 
which has been designed and constructed 
under an extra-mural research contract 
by the Mechanical Engineering Depart- 
ment of the University of Nottingham. 
Ample space has been allowed for the 
expected growth in the engineering 
aspects of the laboratory’s activities. 


Inspection of pressure plant for nuclear 
installations 


Lloyd’s Register of Shipping have 
announced the publication of recom- 
mendations for the design, manufacture 
and testing of pressure components of 
land based nuclear installations. 

The Society, through its Land Divi- 
sion, has been closely associated with 
the survey and inspection of such pres- 
sure components from the early stages 
of the development of nuclear energy in 
the United Kingdom. During this time 
Lloyd’s Register has undertaken the 
inspection of the pressure plant of the 
Calder Hall and Chapelcross power 
stations, and is currently engaged with 
similar responsibilities for five civil 
nuclear power stations, which are modi- 
fied and larger versions of the Calder 
Hall prototype, and which are now under 


construction in this country, in Italy ind 
Japan. 

The Society is also actively eng: zed 
on prototype installations such as the 
advanced gas cooled reactor being | uilt 
at Windscale for the United King: om 
Atomic Energy Authority, and the 
Dragon project which is being const: ict- 
ed at Winfrith Heath under the aus; ces 
of the Organization for European | co- 
nomic Co-operation. On the deve op- 
ment of reactor installations suitabk for 
marine nuclear propulsion the Sox ‘ety 
recently published Provisional Rule: for 
the Classification of Nuclear Ships. 

At various times over the last 10 y :ars 
Lloyd’s Register has made recomme: da- 
tions for the design, construction ind 
testing of land based nuclear con po- 
nents, and issued preliminary notes for 
the guidance of manufacturers in | '57. 
The rapid development of nuc ear 
engineering has, however, necessit ted 
the continuous review of these rec >m- 
mendations in the light of experi:nce 
gained, and the Society now conside’s it 
timely to publish them in an up-to-date 
and comprehensive form to cover the 
nuclear reactor systems at present being 
built or projected. It is intended tc re- 
review and supplement these recom- 
mendations as further experience is 
gained. 

Copies of the publication, “Survey of 
Pressure Components for Land Based 
Nuclear Installations—Provisional Re- 
quirements 1960’, are available at a cost 
of 3 guineas on application to Lloyd's 
Register of Shipping, Land Division, 
Norfolk House, Croydon. 


BCAC Chairman gives inaugural luncheon 


The Secretary, Mr. G. Parsloe, repre- 
sented the Institute of Welding at a 
luncheon held on 7th December 1960 at 
the Waldorf Hotel to mark the recent 
reconstitution of The British Conference 
on Automation and Computation, given 
by its Chairman, Sir Walter Puckey. 

Sir Walter recalled that the objects of 
the BCAC were: (a) To stimulate inte- 
rest in, to spread knowledge of, and to 
foster development and appl cations of 
automatic control and computations. 
(b) To afford a common meeting ground 
for the adhering organizations whereby 
such of their activities as fall within the 
purview of the Conference can, if they 
so desire, be co-ordinated and extended 
(c) To encourage and, if desired, to co- 
ordinate, the presentation at _ Inter- 
national Conferences of British papers 
whose subjects fall within the purview 
of the Conference. (d) To maintain, as 
may be desirable, liaison with other 
countries which support such Inter- 
national Conferences. 

The BCAC had decided to se up 
three Panels to activate the follo ving 
aspects of its work: 

Education and Training—Chair: 1an, 
Professor G. D. S. MacLellan (Un ver- 
sity of Glasgow) 





Research and Development—Chair- 
man, Mr. J. F. Coales (University of 
:mbridge) 
Public Relations—Chairman, Mr. W. 
F. Hessenberg (Deputy-Director, 
tish Iron & Steel Research Associa- 
ion). 
\rrangements were well advanced for 
holding of a Conference at Harrogate 
m 27th to 30th June 1961, with the 
ereral title ““Automation—Men and 
ney.” 
*lans were also in hand for the deli- 
y, in the autumn of 1961 of the first 
AC Annual Lecture, which would be 
in he form of an authoritative review, by 
r expert in the field, of the present posi- 
i 1 and probable future development, 
automation procedures in British 
ustry and commerce. 


NEW PUBLICATIONS 
Ided pipe spires 
Jur cover illustration shows the erec- 
ii. of one of a series of tetrahedral 
ped supports for the 17 spires of the 
}. Air Force Academy chapel at 
orado Springs. The 75ft. long frames 
fabricated from 4 in. and 6 in. dia. 
>1 pipe made by the Republic Steel 
rporation. The contractors were the 
ssissippi Valley Structural Steel 
mpany. 


‘Iding charts 
The second of a new series of Sif- 
ronze welding data and instruction 
rts, recently issued, gives conversion 
actors and tables, temperature scales, 
ame temperatures, gas values, melting 
ints of metals, and welding data for 
fusion welding and Sifbronze welding 
mild steel. The chart also includes illus- 
trations of common defects in welding 
and typical forms of welded joint. 
Copies of the chart, at 2s. each can 
be obtained from The Suffolk Iron 
Foundry (1920) Ltd., Stowmarket, Suf- 
folk. 


Aluminium extrusions 


Imperia} Aluminium Co. Ltd., which 
draws from the combined production 
resources and technical experience of 
ICi and the Aluminium Company of 
America, has recently issued a two-part 
catalogue of extruded ‘Impalco’ alumin- 
ium and aluminium alloy sections. These 
catalogues give full details of dimensions 
and weights of a wide range of sections, 
grouped according to shape or to end 
use. An accompanying leaflet illustrates 
some of the many applications of 
exiruded and drawn Impalco products. 


New Periodical on Heat and Mass 
Transfer 


Che first issue of a new journal “‘Inter- 
ntional Journal of Heat and Mass 


T:.nsfer” appeared in June last. The 
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Board of Editors is composed of six 
experts from the United States, Ger- 
many, the U.S.S.R. and Great Britain, 
and there is a widely representative 
Advisory Board, headed by Professor 
E. R. G. Eckert of the University of 
Minnesota and Professor O. A. Saunders 
of Imperial College, London, as co- 
chairman. 

There is a valuable bibliography of 
Heat Transfer prepared at the Labora- 
tory of the University of Minnesota, and 
ten papers on various aspects of Mass 
Transfer, printed in the original lan- 
guages, English, French and German. 

The journal is published by the Per- 
gamon Press Limited and the subscrip- 
tion rates are £7 per volume for libraries, 
etc. and £5 5s. Od. for individuals. 


DIARY 


Ist Mar. — Manchester — “Methods 
adopted by a large user when purchas- 
ing welded equipment’? by E. Fuchs 
and W. Ashworth (Reynolds Hall, 
College of Science and Technology, 
Manchester, 7.15 p.m.) 

North London—Visit to Enfield Rol- 
ling Mills Ltd. 

Institution of Structural Engineers— 
“The design, fabrication and erection 
of welded girders for the South 
Durham Steel and Iron Co. Ltd.”’ by 
W. G. Gentry (Neville Hall, New- 
castle, 6.30 p.m.) 


2nd Mar.—N.E. Tyneside—“‘The work 
of B.W.R.A.” by H. F. Tremlett 
(Mining Institute, Newcastle, 7.0 p.m.) 
South Wales—‘Welding in marine 
engineering”’ by J. A. Dorrat (Institute 
of Engineers, Cardiff, 7.0 p.m.) 

3rd Mar.—South Wales—‘‘Welding in 
marine engineering”’ by J. A. Dorrat 
(Technical College, Swansea, 7.0 
p.m.) 

4th Mar.—N.E. Tyneside—Visit to 
Clarke, Chapman & Co. Ltd., Gates- 
head 


6th Mar.—Manchester—Annual Dinner 
(Grand Hotel, Manchester) 
South Western—“‘ Non destructive test- 
- ing” by H. Gibbs (Radiant House, 
Bristol, 7.15 p.m.) 


7th Mar.—Institution of Structural Eng- 
ineers—“The design, fabrication and 
erection of welded girders for the 
South Durham Steel and Iron Co. 
Ltd.” by W. G. Gentry (Cleveland 
Scientific and Technical Institution, 
Middlesbrough, 6.30 p.m.) 


8th Mar.—Preston—‘‘Recent develop- 
ments in U.S.S.R.” by Dr. D. S. 
Galloway (Harris Technical College, 
Preston, 7.15 p.m.) 
South London—“The testing, inspec- 
tion and assessment of welds’ by C. 
Atkinson (54 Princes Gate, S.W.7, 
7.30 p.m.) 
East of Scotland—‘“Electric pre-heat- 
ing and stress relieving’ by R. Mc- 
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Glashan (25 Charlotte Square, Edin- 
burgh, 7.30 p.m.) 


9th Mar.—Eastern Counties—Film 
Show (Ipswich Civic College, 7.30 
p.m.) 

11th Mar.—Wolverhampton—Visit to 
Hilton Main Colliery, Staffs. 


13th Mar.—N.E. Tees-side—‘‘Ferrous 
welding metallurgy’ by T. E. M. 
Jones (Cleveland Scientific and Tech- 
nical Institution, Corporation Road, 
Middlesbrough, 7.30 p.m.) 
Sheffield—‘*Heat-affected zone crack- 
ing in austenitic chromium-nickei 
steels” by H. F. Tremlett (Grand 
Hotel, Sheffield, 7.0 p.m.) 


13th-17th Mar.—School of Welding 
Technology — Course D17/1, Ad- 
vanced Course for Welding Engineers 

14th Mar.—Liverpool—‘*Welding and 
the draughtsman” by H. B. Merriman 
{College of Technology, Byrom St., 
7.15 p.m.) 

15th Mar.—West of Scotland—‘“‘Electric 
pre-heating and stress relieving” by R 
McGlashan (Institution of Engineers 
and Shipbuilders, 39 Elmbank Cres- 
cent, Glasgow, C.2, 7.0 p.m.) 
Wolverhampton—“The prospect for 
gas-shielded welding” by A. A. Smith 
(Wulfrunians Club, 7.30 p.m.) 


16th Mar.—Southern Counties—‘‘Lead 
burning, etc.” by L. B. Smith (Tech- 
nical College, Southampton) 
Leeds—“Bridge structures” by E. R. 
Bowers (Hotel Metropole, Leeds, 
7.30 p.m.) 


17th Mar.—Birmingham—*Economic 
aspects of various fusion welding 
processes” by W. D. Waller (Grand 
Hotel, Birmingham, 7.30 p.m.) 

21st Mar.—Eastern Counties—“Pipe- 
line welding” by R. oar (Ipswich, 
Electric House, 7.30 p.m.) 

22nd Mar.—South London (Medway)— 
“Brains Trust” (Sun Hotel, Chatham, 
7.30 p.m.) 
Birmingham — Visit to Hereford 
Works of Henry Wiggin & Co. Ltd. 
North London—*‘The design of resist- 
ance welding equipment for unusual 
applications” by J. D. Morris (54 
Princes Gate, S.W.7, 7.30 p.m.) 


24th Mar.—South Wales—Annual Din- 
ner (Angel Hotel, Cardiff) 


27th-29th Mar.—School of Welding 
Technology—Course D28/1, Welding 
for Junior Management 


30th Mar.—West of Scotland—Visit to 
the Fairfield Shipbuilding & Engin- 
eering Co. Ltd., Glasgow 


4th April—East Midlands—Annual 
General Meeting and films (Notting- 
ham) 
North London (Slough Section)— 
“Electrical characteristics of welding 
plant” by J. C. Needham (Lecture 
Room, Community Centre, Farnham 
Road, Slough, 7.30 p.m.) 
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WELDING LITERATURE 


Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1960, vol. 51, November 
Welding aluminium, R. R. Kottmeier (10-15) 
Furnace brazing cuts costs (16—17) 

Welding technology in Russia (20, 22) 


Journal of the Japan Welding Society, 1960, vol. 29, 
October 
Continuous cooling transformation diagrams of steels for weld- 
ing and their application, H. Sekiguchi and M. Inagaki (3-12) 
Heat conduction theory including melting state, T. Sato (13-24) 


Cooling time and brittleness of various steels submitted to 
welding (Report 6), H. Sekiguchi and others (25-30) 


Cooling rates in stainless steel welds, H. Kihara and others 
(31-37) 


Welding of cast iron and nodular graphite cast irons (Report 1), 
M. Homma and others (38-44) 


Study on applicable electrodes for 19-9DL heat resisting steel, 
Y. Ito (45-51) 


Przeglad Spawalnictwa (Poland), 1960, vol. 12, 


December 
Welding of boiler elements, K. Kajzer 
Statics and construction of glued metal joints, R. Brzozowski 


Przeglad Spawalnictwa (Poland), 1961, vol. 13, Jan- 
uary 
Essential problems of welding development in Polish industry, 
Z. Szczecinski 
Methods of testing glued metal joints, R. Brzozowski 


















































Thermit fusion welding procedure in rail joining on Polish 
railways. Part 1, L. Nekanda-Trepka 


The Stabilizer, 1960, vol. 27, Autumn 
Scotland’s gas supergrid (6-9) 
Tubular fabrication. Part 4, A. Scott (10-12) 


Two new underwater pipelines completed in South Wales (15- 
16) 


Welding and Metal Fabrication, 1960, vol. 28, Decem- 
ber 
Magnetic force welding, C. A. Rowlands (474-481) 
Fabrication in Canada, G. J. Foster (482-490) 
Recent work on pressure welding, R. F. Tylecote (491-494) 
The application of steel extrusions, R. D. C. Jones (495-498) 
Manipulation of metals (499-502) 
Fabricated high duty boilers (503) 


Welding Engineer (U.S.A.), 1960, vol. 45, November 
ba studs help to double floor load capacity, I. G. Cantor 
Fundamentals of projection welding, D. D. Williams (40-42) 
Welded cars travel on welded carriers (43) 

Oxyacetylene pressure welding of rail arrives at the push- 
button stage (44-45) 


Tig welding joins small stainless tubes to thick tube-sheet, 
J. M. Gerken and D. B. Kittle (46-48) 


Carbon, stainless steel welded in fabrication of centrifugal 
mills (50-51) 

Welded design, process control guarantee better products, 
W. C. Nemitz (52, 54) 

Oxygen is neither combustible nor explosive, often miscalled, 
F. C. Saacke (58-59) 

Brazing produces smooth surfaces for cab doors, G. A. 
Medsker (60, 62) 

Minnesota bridge submerged-arc welded, A. Hanson and 
W. G. Fess (63-64) 


Welding Fabrication and Design (Australia), 1960, 
vol. 4, October 
The metallurgy of chromium-nickel austenitic steel welds, 
I. J. Ferris (9-17) 
Design considerations in welded ship construction, R. F. Pearce 
(19-23) 
ie applications at Mount Isa Mines Ltd., S. A. Eyers 
(23-31) 
Industrial radiography, G. F. MacKnight (31-37) 
Overseas developments and trends in welding, W. Bernard 
(37-44) 
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Welding Journal (U.S.A.), 1960, vol. 39, December Zeitschrift fiir Schweisstechnik (Switzerland), 1960, 
Evaluation of weld quality on a submarine pipeline, P. W. vol. 50, December 


Turner (1215-1221) 

New techniques for cladding with the gas shielded process, 
R. D. Engel (1222-1229) 

Inert-gas shielded metal-arc spot welding of aluminium, S. E. 
McFall (1230-1236) 


Welding of large rocket motors, J. E. Bartley and R. E. Frala 
(1237-1243) 


Fusion-zone structures and properties in aluminium alloys, 
P. E. Brown and C. M. Adams (520s—524s) 


Analytical investigation of residual stresses and distortions due 
to welding, K. Masubuchi (525s—537s) . 


Design of interior columns in multi-storey frames, J. S. Ellis 
(538s-542s) 


A reversed-bend test to study ductile to brittle transition, J. H. 
Ludley and D. C. Drucker (543s—546s) 


Current welding research problems (547s—552s) 


elding News (Australia), 1960, folio 103, July 
ay washing, the economic way of removing excess metal! 


The wide scope of portable cutting machines (4—5) 
The facts of flame gouging (18-19) 
Backing bar jigs for inert gas welding (20-21) 


elding News (Australia), 1960, foliol 04, October 


Machine flame cutting as a modern production tool (2-4) 

How weldable is S.G. iron? (5—7) 

Fine wire welding of thin materials (9-10) 

\rgonaut steel welding with Argon/CO, mixtures (15-16) 
Arc weldability of common materials (table) (17) 

Groove-are for A.C. (18-19) 

‘Hi-Speed’ machine cutting nozzles for oxyacetylene or oxy- 
handigas (20-21) 


| elding Research Abroad (U.S.A.), 1960, vol. 6 
'.ovember 
Automatic argonarc welding of stainless steels with consumable 


electrodes, A. N. Akulov and N. Yu. Pak’chuk (Translated 
from Svarochnoe Proizvodstvo June 1956, pp. 27-29) (53-58) 


On the mechanism of hot cracking of welds, V. A. Toropov 
(Translated from Metallovedenie I Obrabotka Metallov, 
June 1957, pp. 54-58) (59-68) 


Wiggin Nickel Alloys, 1960, No. 59 
Comparison of properties of weldments in Nimonic heat- 
— alloys in sheet form (18 s.w.g., 0-048 in., 0-12 mm.) 
(8-9) 
Air-cooled heat-exchangers (13-15) 


Zeitschrift fiir Schweisstechnik (Switzerland), 1960, 
vol. 50, September 
Large, up-to-date oxyacetylene cutting machines, M. Maier 
(268-272) 
Applications of welding in the construction of gas turbines, 
Part 2, A. Luthy (273-276) 


Report on an investigation of PVC welded assemblies, A. 
Hermann (277-285) 


Zeitschrift fiir Schweisstechnik (Switzerland), 1960, 
vol. 50, October 
fhe welding of aluminium and aluminium alloys in the con- 
struction of atomic reactors, C. G. Keel (298-301) 


vy up-to-date oxy-acetylene cutting machines, Part 2, 
.M. Maier (308-315) 


Batteries of cylinders for liquid acetylene—possibilities and 
advantages (368-372) 

Electronic control of resistance welding machines, F. Gallmann 
(373-386) 

Maintenance and repair by welding in heavy industry. Part 2 
(386-389) 


Zvaranie (Czechoslovakia), 1960, vol. 9, September 


New oxygen cutting machines at the Brno Fair, P. Subrt 
(253-255) 

Automatic and semi-automatic welding machines for CO,- 
shielded welding, K. Rejchlik (256-257) 

Exhaust equipment in welding shops, V. Hromadko (258-260) 
Contribution to the question of welding steels of different 
structural basis (Conclusions), V. Pilous (260-263) 
Contribution to the evaluation of weld metal resistance to 
development with under-flux welding, J. Vana (263-264) 
Strength of welded joints stressed under alternative rotating 
bend tests with the application of various welding methods, 
P. Galan and P. Jozefini (266-269) 

Fighting against weariness caused “a manual welding, J 
Vodera (269-271) 

Three-phase current welding, F. Formanek (271-273) 


Zvaranie (Czechoslovakia), 1960, vol. 9, October 


Shielded arc welding of economic stainless nickel-free aus- 
tenitic steels of the CrMnN type, K. Lobl and A. Kabrhel 
(286-290) 

The question of the start with electro-slag welding, M. Mosny 
(290-293) 

Equipment for electro-slag welding beneath boiler drums, 
O. Hajzler (294-295) 

Repair of high-pressure hydrogenation reactor shells, damaged 
by bomb splinters during bombardment, R. Halbich (296-301) 
Contribution to questions of terminology in automatic welding, 
M. Mosny (313-316) 


Zvaranie (Czechoslovakia), 1960, vol. 9, November 


Soviet welding techniques—a help to technical progress (317- 
320) 

The development of hard-surfacing alloys of the Co-Cr-Mo—-W 
type for service in the temperature range of 700°C (320-326) 
The question of the start in electro-slag welding. Part 2, 
M. Mosny (326-330) 

The problems of el ic holder improvement, B. Stanek (330- 
335) 

A new electrode holder, B. Vrana (335-336) 

New pinch welder type, B. Vrana (336-337) 

Earthing of the welding cable, I. Hrubisek (339) 


Zvaranie (Czechoslovakia), 1960, vol. 9, December 


The importance of welding for technical development, A. 
Zapletalek (349-350) 

The use of radioisotopes in investigating problems occurring 
with welding, B. Zitnansky (350-353) 

Small adaptations of KP-60 suspension pliers enable threefold 
acceleration of the working process, L. Pliva (354-356) 
Furnace brazing in an exothermic atmosphere, O. Moravek 
(357-362) 

Flame straightening and its economical use in manufacture, 
B. Vrana (362-364) 

Welding with horizontal electrodes, A. Hecl (364-365) 

Tack welding of components, R. Krnak (366-368) 


Other Journals 


Fabrication aspects of Canada’s NPD reactor, by G. W. Platt 
and W. J. Burns (Machine Production (Canada), 1960, vol. 19, 
September, pp. 29-32; 49) 
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The vertomatic electro-slag process of welding, S. G. Maine 
(Engineer and Foundryman (South Africa), 1960, vol. 26, 
August, pp. 20-28) 


The corrosion of welded steel pump column piping handling 
acid mine waters, F. P. A. Robinson (Engineer and Foundry- 
man (South Africa), 1960, vol. 26, August, pp. 29-32) 


Problems of welding high temperature steel. Part 2, by E. P. 
Kauhausen and others (Werkstatt und Betrieb (Germany), 
1960, vol. 93, October, pp. 653-661) 


Modern welding engineering. Important realization for large- 
scale and small-scale manufacturing works, by E. Sudasch 
(Werkstatt und Betrieb (Germany), 1960, vol. 93, October, 
pp. 662-666) 

Line forms structural members at joist-per-minute rate, C. F 
Kaunitz and C. H. Guenther (Jron Age (U.S.A.), 1960, vol. 
186, September 22, pp. 97-99) 


Welded penstocks for hydro-electric power stations. Materials, 
electrode composition, welding, weld testing, ultrasonic inspec- 
tion, field workshop, and erection, by J. Bienz (Pipes and 
Pipelines, 1960, vol. 5, October, Pipeline Engineering section, 
pp. ii—viii) 

Pipe branch connection, by P. H. R. Lane (Engineering, 1960, 
vol. 190, 7 October, pp. 490-492) 

The cost of overwelding, P. Lynch-burns (New Zealand 
Engineering, 1960, vol. 15, August 15, pp. 294-295) 
Maintenance welding, by W. H. T. Svanoe (Mechanical 
Engineering (U.S.A.), 1960, vol. 82, September, pp. 64-66) 
Space-age beryllium: its technology, by R. H. Gassner (Metal 
Progress (U.S.A.), 1960, vol. 78, September, pp. 88-92) 
Production procedures at the Beacon Works of John Thompson 
Motor Pressings Ltd. Part 1 (Sheet Metal Industries, 1960, 
vol. 37, October, pp. 718-728) 

Nondestructive testing of hardware for solid rocket motors, 
by S. M. Joseph (Nondestructive Testing (U.S.A.), 1960, 
vol. 18, September—October, pp. 315-318) 

Helium leak testing fuel rods for the PWR blanket, by A. E. 
Oaks (Nondestructive Testing (U.S.A.), 1960, vol. 18, pp. 
319-322) 

Fatigue of welded structures (Commonwealth Engineer (Aus- 
tralia), 1960, vol. 48, August, pp. 38-40) 

Machine gouging cuts welding costs (Commonwealth Engineer 
(Australia) 1960, vol. 48, August, pp. 40-41) 

A new safety device (for automatic reduction of the open- 
circuit voltage of a welding transformer) for protecting the 
welder, J. Lisser (Smit Mededlingen (Holland), 1960, vol. 15, 
April-June, pp. 34-43) 

Quenched and tempered steels for welded structures and 
vessels, by J. Lessells (Alloy Metals Review, 1960, vol. 9, 
September, pp. 2-8) 

Welding heavy bases for bridge towers, G. M. Mills (Machine 
Production (Canada), 1960, vol. 19, October, p. 39) 
Designing for spot welding aluminium alloys (Mechanical 
World, 1960, vol. 140, November, pp. 470-471) 

New brazing technique solves fitup problem (Stee! (U.S.A.), 
1960, vol. 147, October 24, p. 110) 

Welded penstocks for hydro-electric power stations. 2. Ex- 
amples of Sulzer penstocks: Field workshops: Erection (Pipes 
and Pipelines, 1960, vol. 5, November, pp. 31-34) 

How to choose the right joint in shaft-to-plate unions, F. 
Strasser (/ron Age (U.S.A.), 1960, vol. 186, October 27, pp. 
102-104) 

Strip heat exchangers in three metals (Engineering, 1960, 
vol. 190, November 11, p. 634) 

The 16 in. E.R.W. Tube Plant, Shotton, W. T. Brooks and 
others (The Structural Engineer, 1960, vol. 38, November, 
pp. 334-345) 

Stiffening girders of two suspended light metal footbridges at 
Alpnach, Switzerland, K. Sutter and A. M. Mackie (The 
Structural Engineer, 1960, vol. 38, November, pp. 353-361) 
New units speed rail welding (/ron Age (U.S.A.), 1960, vol. 186, 
October 20, p. 161) 

Scanner avoids voltage drop in giant welding line (Jron Age 
(U.S.A.), 1960, vol. 186, October 20, pp. 164-166) 

Pressure welds cut railroad costs (Stee! (U.S.A.), 1960, vol. 
147, October 17, p. 138) 
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Four ways stud welding pays off (Stee/ (U.S.A.), 1960, vol. 147 
October 31, pp. 68-69) 

Manual spotwelders fasten wind tunnel lining (Stee/ (U.S.A.) 
1960, vol. 147, October 31, p. 78) 

Repairers’ guide to current motor bodies: Renault Dauphine 
(nstitute of Automobile Assessors Journal, 1960, vol. 11 
October, pp. 49-52) 

Marine machinery failures, H. N. Pemberton (Transactions o 
the Institute of Marine Engineers, 1960, vol. 72, October 
pp. 377-392. Discussion, pp. 393-403) 

Novel techniques for surfacing with stainless steel (Common 
wealth Engineer, 1960, vol. 48, September, pp. 39-40) 
Re-siting an aircraft hangar, R. B. Burton (New Zealan 
Engineering, 1960, vol. 15, September, pp. 341-344) 


L.A’s new automatic aluminium pipewelder (Liquid Ai 
Review (Canada), 1960, vol. 10, July, p. 11) 

Aluminium welding and manipulation—Swedish methods 
U. Alfredsson (Nuclear Engineering, 1960, vol. 5, September 
pp. 405-408) 


ADDITIONS TO THE LIBRARY 


BOOKS AND PAMPHLETS 


WELDING RESEARCH COUNCIL: Bulletin Series: 
63. Welded interior beam-to-column connections, J. D 
Graham and others (1-28). Transfer of stresses in welded cove 
plates, A. M. Ozell and A. L. Conyers (29-42). Stresses ir 
cover plates and bearing stiffeners, J. A. Mueller (43-47). 
survey of literature on the lateral instability of beams, G. C. 
Lee (50-55). 
64. Web buckling tests on welded plate girders, K. Basler and 
others (1-63) 

The Register of the Gas Industry 1960, Hertfordshire, Gas 
Publications Ltd., 1960 

SELL’s British Aviation 1960, London, Business Dictionaries 
Ltd., 1960 

ESAB: Automatic welding. Lectures given during the ESAB 
Conference held in Gothenburg in April 1960. 
Short presentation of the ESAB range of automatic welding 
machines, B. Kjellberg (7-18) 
The basic principles of electroslag welding and the mechanical 
equipment needed for the method, G. Aimqvist (19-34) 
The practical application of electroslag welding, B. Kjellberg 
(35-50) 
Gas-shielded arc weiding, P. Sjoman (51-77) 
The quality of electroslag welds in as-welded and heat-treated 
conditions, 1. Wachtmeister (79-100) 
Flux and wire for submerged arc welding, G. Almqvist (101 
111 
ae applications of submerged arc welding, E. Jensen (113-124) 
Recent development in the use of spiral wound coated welding 
electrodes, M. Puschner (125-133) 
Welding Plants, G. B. Fernstrom (135-152) 
Resurfacing with automatic arc welding machines including 
hardfacing and surface reinforcement or build-up, S. E. 
Erikson (153-164) 
Economic considerations on the choice of welding method, 
E. J. Magnusson (165-188) 


IIW DOCUMENTS 
Issued for Publication 


The following documents have been issued by the IIW fo: 
publication, and may subsequently be published in the B.W.3 
Single copies of the duplicated text may be obtained immediate! 
for a small charge from the Scientific and Technical Secretariat 
of the IIW, 32 Bd. de la Chapelle, Paris 18e. 


IIS/IIW-37-60 (Commission XIII “Fatigue Testing”): ‘*Fatigue 
fracture of a lorry underframe longitudinal member”. 

IIS/IIW-39--60 ‘‘Failures of the bottom plating observed on lov 
tonnage motor vessels’. 

IIS/IIW-40-60 ‘Observations on fractures of welded water tank : 
of locomotive tenders”. 

IIS/IIW-41-60 ‘‘Fracture of a lorry frame longitudinal member” 








THE “TWINNER-ARONSON’ 


for Balanced Accessibility 


A balanced load, fast, accurate and easy positioning — these 


are some of the advantages which the ““Twinner-Aronson”’ 
positioner offers you. With this positioner, large and small 
fabrications can be manipulated through 360° on either axis 
as fast as the hand can move. In short it provides you with 
balanced accessibility. This feature facilitates downhand 
welding and therefore better welding. It also saves time and 
money. The ““Twinner-Aronson” positioner is available in 
various capacities from I cwt. to 40 cwt., and motorised 
models complete with variable speed controllers and other 
accessories can be supplied. Please write for full details. 


Motorised “ Twinner-Aronson’”’ Positioner 


R 0SS Donald Ross & Partners Ltd Crawley Sussex. 











At any of the Saturn branches, in Glasgow, 
Aldridge, Manchester, Sheffield, Lyming- 
ton, Sunderland, Thornaby-on-Tees, 
Southall—you can obtain Saturn Argon 
Arc Welding .Equipment. Three well- 
known, well-proved models, operating on 
the surge injector principle, give infinitely 
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Surge Injector Welding Units by SATURN 


variable welding ranges up to 600 amps. 
With Saturn units you get faster welding 
(asmuchas 25% increase on other methods) 
even with semi-skilled operators. Com- 
pletely safe and completely self-contained, 
operation is virtually automatic with 
Saturn Argon Arc Welding Equipment. 
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For welding equipment and gases and service — see Saturn! 


SATURN INDUSTRIAL GASES LIMITED 


‘Eri Wood’, Windlesham, Surrey 
Telephone: Bagshot 2441 


Branches: SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 
SHEFFIELD, LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 
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“This job 
IS worthy 


of 
the welder 





THIS NEW STOTHERT AND PITT DOCKSIDE CRANE is a 
revolutionary unit in design with its large all-welded jib 
construction. To give the strength, reliability and 

ease of welding that a jib of this size requires, 

AEI Tensivick 35V Electrodes are used. 


TENSIVICK 35V ELECTRODES are basic-coated electrodes 
operative in all welding positions. They produce Lloyds Class 1 
radiographic quality welds, are suitable for a wide range 

of parent metals and have a highly stabilised arc for ease of 

a.c. operation. Tensivick electrodes ensure quick slag removal 

and provide exceptional resistance to hot cracking. 


You specify electrodes worthy of the welder 
when you choose AEI 


NO OTHER ELECTRODES are backed by wider user experience. No other 
electrodes have such vast research and engineering resources behind them. 


AN ADVISORY SERVICE based on extensive practical experience is available. 
For further details apply to your local AEI office or write to the address below. 


AE TI )—anew name for the best seebedee 


HEATING AND WELDING DEPARTMENT, TRANSFORMER DIVISION 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED, TRAFFORD PARK, MANCHESTER 17 
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In the world of welding 
the world uses 
Yates Plant 





YATES PLANT LTD. 


Bedewell Works - WHebburn-on-Tyne - Co. Durham ~- Tel: Jarrow 897124 
A MEMBER OF THE BAKER PERKINS GROUL P 
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NON-DESTRUCTIVE 
TESTING 








MANCHESTER OIL REFINERY 
(SALES) LTD 


76 Jermyn Street, London, S.W.| 
Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 

Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 








HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
January 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
precautions necessary to ensure the safety of operators. 
This book will be a full bound publication in blue, size 84” x 
54° and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Welding price 16/-, 
including postage. 














THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.LD. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


SOMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 











Revolutionise your entire inspection and quality control pro- 
gramme with: 


XERORADIOGRAPHY 


-the new process which reduces inspection time and makes 
100% inspection economical. 
For further information please write to: 


RANK XEROX LTD., 


33-41 Mortimer Street 
LONDON W1 | 


Telephone No: MUS 5432 














INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.LD. APPROVED TEST HOUSE A.R.B. APPROVED 
BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 


Telephone: Fairlands 4546. 


@almer 











NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray service (Test House 
and Mobile) * Magnetic crack testing 
Fluorescent crack testing *% Ultra-sonic 
testing * Pressure testing—air and hyd- 
raulic % Low temperature testing * Film 
processing and radiological reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 
PENFOLD STREET - LONDON N.W.8 TEL: PADDINGTON 8822 6/3121A 











RADIOGRAPHY 


on site — 
— in your works — 


—in our LABORATORY 
at BLD 48 


BIX. LTD — c_Lonpon airport 


HEAD OFFICE 


73 HIGH HOLBORN A HOUNSLOW 
LONDON, WCI L MIDDX 
CHA 4183 <-L—> SKY 1537 














ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 404! 
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In your Works... 


A Copley Mobile Laboratory is on call at almost any hou of 


COPLEY METAL Testinc up. 
AL TESTING LTD the day to undertake tests in your works. It is worth 
MOBILE X-RAY LABORATORY finding out how we replace guesswork with certainty. 


UNIT Ne 4 we A consultation puts you under no obligation whatsoever 
ee Write, call or telephone today. 
— “stad 


On the Site... 


We can test your work wherever one of our mobile unit 
eo Welding Supervision on panctrate. Distance is ne ebject—cur staff cake a price 
in making even the most difficult assignment on time. 
= X-ray and Gamma Ray Mobility plus service—that’s Copley. 
@ Ultrasonic Flaw Detection 
@ Leak Detection by Radioactive Isotopes 
@ Magnetic and Penetrant Dyes 


@ Marine Thickness Measurement 


COPLEY METAL TESTING LIMITED 


WHITE STREET - NEWCASTLE UPON TYNE 6. 
Telephone: Newcastle 624214 & 655885 


This mobile laboratory is completely equipped for the most exacting tests 








Welded Steelwork 


for United Kingdom | 
Atomic Ener gy UAE Acthority. Length: 1050" Diameter: 


7'0” splaying out to 10’6” in lower 24’0” 


Authority JOHN BOOTH & SONS (BOLTON) LTD. 


Hulton Steelworks, BOLTON. 
Telephone: BOLTON 61191 
London Office: 26 Victoria St., Westminster, S.W.1 Tel: ABBey 7! 12. 
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Wire 
for the 
welding 
industry 


WIRE FOR ELECTRODES 


Richard Johnson & Nephew Ltd ~ Manchester 11 
Tel.: EAST 1431 
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FOR PROJECTION WELDING 


- 
wi og 


PRODUCTION 





the popular THS 201 type 
in 55 regular STOCK sizes 


2” to 2": 5 diameters in 


UNC. UNF. 2BA. BSF. WHIT. 


Deliveries also offered in 
15000/up Lots of Type THS 201A. 


and special designs such as... 


DERITEND 
BIRMINGHAM: 12 == 











a INTERNATIONAL 
INSTITUTE OF WELDING 


PUBLICATIONS 


HANDBOOK ON RADIOGRAPHIC APPARATUS AND TECHNIQUES 


The Institute of Welding announced the publication in January 1961 of the only edition in English 
of this book which has been compiled by Commission V of the International Institute of Welding. 
The book thus represents the views of leading experts throughout the world on this subject, it 
deals concisely and simply with apparatus and techniques for the radiographic inspection of welds 
and describes the precautions necessary to ensure the safety of operators. The book will be a full 
bound publication in blue, size 8}"x 53" and will consist of 88 pages of text supported by illus- 
trations. Price 16/- including postage 


Obtainable from: 


Dept. BWJ, 54 Princes Gate, London, S.W.7. Knightsbridge 8556 


Cheques payable to The Institute of Welding 














THICK PLATE RADIOGRAPHY AND MOBILITY 


Pantak proudly introduce the 
Siemens 18 MeV Mobile 
Betatron. This new industrial 
radiography unit makes it 
possible for the first time to 
examine on site thicknesses of 
mild steel up to 12 in. In 
addition its ultra fine focus 
(0-3 mm.) results in sensitivities 
unobtainable with conventional 
equipment and enables the 
Betatron to be used for 
enlargement radiography — a 
combined Pantak/Siemens 
development which makes 
crack detection in thick welds 
entirely practicable. Please 
write for full details and reports 
of practical tests carried out 
on specimen welds. 


PANTAK LIMITED [>not 
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You never see a prima donna 
pair of Bennett’s gloves 


Ai 6 

fr 2 

fo 
g A wide range of quality 
industrial Gloves, Mitts, 
Aprons, and Clothing in 

leather, rubber, asbes- 
sak, stile call Wailines TUNGSTEN CARBIDE FILLED 
fabric materials are 
made and stocked for 
all trades and pro- WELDING RODS 
. cesses. Technical 

Representatives are 


available for consulta- FO R 


tion in all parts of the 








British Isles at short 


vei but Operatives HARD sr FACI NG 


sing their praises! Ask for our brochure 


EENNETT’S ‘TUCA’ DIVISION 


ELECTRO-CHEMICAL RESEARCH LABORATORIES LTD. 
INDUSTRIAL GLOVES 33 KNOX STREET, LONDON W.1. 


H. G. BENNETT & CO. (Gloves) LTD. 
Industrial Glove Specialists * We have a service department at your disposal and will 
LIVERPOOL 23 - GREat Crosby 3996/7 be glad to quote for hard-facing work on our premises. 
ee ed 

















 COURTBURN 


L suUPPLIES timited | 





= 
WS As a service to our advertisers the British 


the welders 
— choice Welding became a member of the Audit 


Bureau of Circulations in October 1960, and 
is now in a position to publish its first figure. 
For the six-month period July - December 


F 1960 the number of copies distributed was 
%* Can be laid down without arcing. 


%* Makes the awkward spot accessible. 


%* Uses nearly all the electrode. 7133 monthly 


The light and easy handling of the Electrode Holder 
makes it the welder’s choice. 

Supplied to internationally known Companies, the 
two types, Prong Fixing and Screw Fixing, each come 
in two different sizes, 400 amp. and 600 amp. Capa- 
city, with all parts replaceable. : ae ’ } . ; 

The holders are available on trial for test purposes, paid distribution of any welding journal in 
and all spares can be despatched immediately, on 
request. 


This means that we now have the highest 


this country. 


COURTBURN SUPPLIES LTD. 


Stan'ey Works, Kempston Hardwick, Bedford. Telephone: Kempston 2341 
— 
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CLASSIFIED ADVERTISEMENTS 





BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully guaranteed sets—110 amp £27, 180 
amp £48, 250 amp £75, 300 am = 10s., 
350 amp £105, 450 amp £138 1 

Also two-operator 180, 250, 300 a 350 
amp models ex stock from £110. Will 

parallel for double output. 
Combined welding and brazing sets also 
available at £29 10s. 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


Cc. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 











MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 


RING TOTTENHAM 040! 
dm M0107// 


For 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 
Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for ‘““MALLORY’”’ 
Resistance Weld. Products 














Complete range, 
30-600 amps 


DIESEL 
WELDING PLANT 


WELDING 
INDUSTRIES L® 


Blackswarth Road, Bristol 5. Phone 58408 











“ENGLISH ELECTRIC’ 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 
The ENGLISH ELECTRIC Company Ltp. 
Welding Equipment Department 


East Lancashire Road, Liverpool, 10 
Telephone: AINtree 3641 
W.A.24 








SITUATIONS VACANT 


“FROST” MOTOR DRIVEN SV 
BEAM UNIVERSAL FOLDING M 
INE for sale. Capacity 10’ wide 
thick. Clamping beam lifts 7”. Size of 
in respect to completed trunks, 21” 
Power operation to both folding 
clamping beams. Arranged motor 
suitable for 400/440/3/50. Weight at 
tons. F. J. Edwards Limited, 359 E 
Road, London, N.W.1, or 41 Water ‘ 
Birmingham 3. 


SERVICES OFFERED 


ING 
CH- 


FACTORY TIME RECORDERS. | e 


service. Phone: Hop 2239. Time Re 
Supply and Maintenance Co. Ltd.., 
159 Borough High Street, London S 


ROWLAND DOUBLE ENDED 
ORISED SCALING MACHINE fo 
For cleaning the edge of sheet meta! 
to resistance welding. Length by wi 
table 16” = 4”. Sheets of any length n 
passed through the machine. Double 
motor suitable for 400/3/50. Gri 
wheel 6” diameter 4” face. Phot 
details from F. J. Edwards Li 
359 Euston Road, London, N.W.1, 
Water Street, Birmingham 3. 





AGENTS 
with good connections for sale 
of welding plant and associated 
products. Box No. 256 


WANTED 


February, July and October 1960, 5 
each will be paid for copies of th: 
issues in good clean condition. 





Copies of the British Welding Journ.l, 


The Secretary, Institute of Welding, 5 
Princes Gate, Exhibition Road, S.W.7 








THE COLLEGE OF AERONAUTICS 


Senior Lecturer or 
Lecturer in Welding Technology 


A SENIOR LECTURER or LEC- 
TURER is required in the DEPART- 
MENT OF MATERIALS to undertake 
the detailed organisation of a new post- 
graduate one-year course in WELD- 
ING TECHNOLOGY, which will 
commence in October 1961. The person 
appointed will be responsible for the 
major part of the teaching, but will be 
supported by the existing lecturing 
staff in metallurgy, in design and in 
production. The course will cover both 
the metallurgical and the engineering 
aspects of welding and is aimed at pro- 
ducing specialists in the subject for 
appointments in those industries where 
welding is now of major importance. 
Candidates will need to have high 
academic qualifications, preferably in 
metallurgy, coupled with practical 
experience of the techniques and the 
engineering utilisation of welding. The 
salary scales are: Senior Lecturer 
£1,900 x £75 to £2,425 p.a.; Lecturer 
£1,050 x £50 to £1,400 x £75 to £1,850 
p.a., with superannuation under 
F.S.S.U. and family allowance. The 
commencing salary within the pres- 
cribed scale will depend upon age, 
qualifications and experience. Con- 
sideration given to housing require- 
ments. Applications giving full particu- 
lars and the names and addresses of 
three referees should be forwarded to 
the Recorder, The College of Aero- 
nautics, Cranfield, Bletchley, Bucks. 
Further particulars available. 
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| CO, WELDING 


PHILIPS 
| LEAD AGAIN! 


-} FASTEST MANUAL ALL-POSITION WELDING! 


ed 


ik twice as fast as heavy-gauge manual electrodes 


4) 


so aa &.- 


All-position welding—from 

7 ; ? » overhead through vertical to 
; ‘ downhand—twice as fast as 

heavy gauge manual electrodes 
—that’s the achievement of this 
revolutionary new Philips CO, 
Welding Mobile Unit. It uses 
i ae / . ¥ e y ordinary D.C. welding-power 
nn hy, S we ? sources, either rectifier or motor- 
- p ~ generator. Thespecially designed 
“easy-on-the-arm” welding gun 
' “, . gives perfect balance in the hand, 
‘ ‘ . _— i Se and reduces operator fatigue to 
poston : : a minimum. Ask for full details 





25 ay A ~ ? 5 yee A of this revolutionary all- 
Po . : he >>. >" position equipment and its very 
2 ee é high deposition rates. 





PHILIPS 





By courtesy of W. G. Watson (Welding) Ltd. 


OTHER LEADING FEATURES 





* Wire-feed and welding current automatically stop 


and red warning lamp lights if gas fails. 

Wire feed infinitely variable between 6 and 

54 F.p.m. Set by directly calibrated control. 

Wire controlled during welding by solenoid- 
operated pressure roll and adjustable straightening 
device. 


Sole distributors in the U.K. 


Three wire sizes: 0.9 mm. 1.2 mm. 1.6 mm. 

Only the gun contact-tip is changed. 

Coil holder carries 44 or 56 Ib coils of wire, has 
adjustable automatic brake. 

Turntable mounting of wire-feed unit gives up to 
20 ft of gun movement. 

Low-hydrogen welds of high radiographic quality 
are consistently made. 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING’S CROSS ROAD, LONDON W.C.1 TELEPHONE: TERMINUS 2877 
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FIRHE LY ll lightweight 


Sy hand- 
,, cutting 
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blowpipe 


Weighs only 12 oz. 
Cuts up to } in. steel 
Nozzle mixing 


Extra resistant to backfire 


The ‘Firefly’, the perfect partner 
to the ‘Saffire’ lightweight 
welding blowpipe, is a light and 
compact hand cutter, ideal for 
repair work and delicate cutting 
of light sheet steel. 





THE BRITISH OXYGEN COMPANY LTD 


LIGHT INDUSTRIAL DEPARTMENT, SPENCER HOUSE 
27 ST. JAMES’S PLACE, LONDON S.W.1 





